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. INTRODUCTION
8
%‘ . . - i . ) Lk
: T ' In the purchase description that the Research Institute of the-
i U.S. Army Topographic Laboratories, U.S. Army Topographic Command
=~ : .
published on 9 June 1967 for the initiation of this project, the
- following statement appears: "The discipline of geography has shown
* change and growth in its long hisfory, and in recent years has made

interesting advances in mathematical and statistical techniques applied

“wagpﬂ ‘
P

to regional and systematic methodologies.“ . + . but, before that can

be done (incorporation of new techniques into problems of applied

geography), a review of the literature must be made to identify the

1

» various current theories." This final technical report summarizes the

results of an intensive effort to search geographic and related liter-

ature and to elicit information about new research methods from profess-

ional geographers. The scope of such a project is enormous, and obviously ]
much selection and paring had to be done on the mass of data accumulated,

in order to produce a report of manageable size and coherence. In this

process, it is hoped that the ﬁessence" of change in geographic method-

ology is reflected in the report, because certainly, comprehensiveness was

impossible to achieve in the light of the rapidity and volume of new work

~ develcpment in geography.

T A T b e
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DEVELOPMENT OF GEOGRAPHIC THOUGHT
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DEVELOPMENT OF GEOGRAPHIC THOUGHT

w It can be said that geographic methods have changed very little

> since the time of the ancient geographers, while the techniques geogra-

phers use have changed tremendously. The bacis of this statement is

the distinction which Russell Ackoff draws between "Techniques" and "Methods."1

P e

He defines techniques as the behavior and instruments used in performing
research operations, such as making observations, recording data, analyzing
data, and so forth; while methods refer to the behavior and instruments

used in selecting and constructing techniques. He concludes that methods
are therefore more generail ;han techniques and thus the former are the
foundations on which the latter are built., Applying these ideas to the
development of the science of geography, it is apparent that "an analysis

of carth space" has been the focal method for geographic studies from the
days of Strabo, Ptolemy, and Erathosthencs to tie present time. The technology
and scientific attainmeat of the socicty in which a scholax works largely
determines vhat data he can gather, the techniques he can usc to analyze the
data, and thus cven the questions that can be answered by the data and

techuiques avaflable.

L i o S ¢ e M R R AR TR WA R s MG AR L6 3 A MM R LN A A AR M R A et e e T A M. - i, PO
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DEVELOPMENT OF GEOGRAPHIC IDEAS

The ancient geographers were concerned mostly with "f£illing

4in the outlines of the earth and its 1nhabitants."l Prehistoric

man likely had a keen sense of plade and space, since his major goal

of survival depended on accurate knowledge of watering places, game
;raiis, the probable location of enemies,'location of edible plants,
and the location of cave home sites. In this situation, man was forced
to be mobilé over space, because the predominant factors of the environ-

ment on which his existence depended also were relatively mobile. When

plants and animals were domesticatéd and surplus farm production

permitted the growth of cities, man's spatial perspective changed some-

what. Because his locus of everyday activities was now more fixed in
place, he had # need to define field lines, lay out city stréets,
determiﬂe which market center could buy farm surpluses, and whefe com-
munication routes should go. FElane geometry was a technique used to

soive some of these practical problems, probably as far back as 3500 B.C.,
by ﬁhe Egyptians and Bebylonians. Power accumulated in the cities and
again modified man's percgptiou of his spatial domain. Boundary lines
around»the inhabitants subject to an administrative - religious - economic

center became & practical councern; information on the location, character,

accessibility, gnd resources oI neighboring communities was needed to

[V e S

1 For a discussion of thesc and other geographic tarks, sce:
Ackermarn, E. A. - Geougraphy as a Fundamental Research Discipline

A gy i




- thus expanded from a basic interest in the neseds cf the individual

.and place determinacion.2 Questions that dealt with concepts and abstract

-6-

effect trade and military operations. Man's geographic horizons had

household to a "world-wide" concern with neighboring and distant pebple -
and'placea. |
The drive to accumulate encyclopedic data wés 'S r:ed by the necessitiis )
of developing civilization, whereas theoretical work was neglected because
it was not immediately useful. The Phoenicians compiled data on far away
places to aid their commerce with these lands., Alexander employed pacers -
and mappers in his armies to catalog the lands he conquered. And the Romans
described travel routes in road books which crudely mabped roads, paths,
distances, hills, rivers, and rest stations.l The Romans Stiabo and Ptolemy .
were the premier geogrsphers of their day, the former amassing place des-

criptions of his Greek predecessors, while the latter wrote about map making

reasoning were most often gnswered by mythicel tales, except for the work
that Greek geographers did concerning the size, shape, and generalizations
about the content of earth space. The place of geography in the academic
world was a puzzle to the Greeks, disciples of Plato claiming it was a branch
of physics, while followers éf Aristotle said it should ﬁe regarded as a

part of applied wathematics.3 After the fal) of Rome and concurrent with

e
5
]
f
]

s
31

the rise of Christianity, 2 period of soma 300 years éiapsed'durins which

learning waa‘stagnant.

R

Thorpsos, J. 0. Mistory of Auctent Ceography, pp. 124-130

2 prock, Jan - Geopraphy: 1ts Scope snd Spielr, p. 11

3 Kimhle, Grorge M. T. = Geopraphy in the Middle Ages.

:gﬁ‘,m«,*‘ P S Ry

R

o e ¢ m——— o i s i e s e Sl S D o SR M e N s s o, N 1 8 L i e i




PR Ao - o ) - :

o s T e G o M Tog D M 5. ot i

- i . o -j ‘
] o - RN

PR S

-7~

In the early part of Ehe Medieval Period, learning in thé

Western World vas dominated by church scholars, while the latter part

t _
t R | | ‘ - MEDIEVAL PERIOD
i

saw the “"resecularization" of lzarning. Geogtaphié‘study in Eutope

at tnis time, like all study, was devoted to an explanation of Bible

-3
E:
:
)
4
Pl ]
3
B
b
E:

stories. With much geographic fact taken from pre-Ptolemaic work, the.

. discipline considerad such problems as Biblical site locations and

the -apping of local habitations.l Topics of the desciiption of the

physical environment and the peopling of the earth were considéred as

ey gy

-suitable vehicles for spreading Church teachings. Arabic geographers,

. - » N _‘A" ‘.‘_ “‘, ‘ ‘v.' ‘ il - ° ;,‘. - e é i Yems
PRSI DAY, AR T e AT L b ALY il PO AN B AT X
: R . . on At i

“'drawing on the knowledge of the Greeks and Persians, added the most

significant contiibutions of the times. DMany Arabs were avid travelers,

s
B BN

again in response to internatiomal trade-and international military

e;peditibns. Men like Tbn Batuta, Avicenna, and Edrisi described laads

[

and peoples they had seen and even began to attempt simple scientific

:;«w*b

generalizations on climatic -and erosional processes. One result of

1

Py sy N
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! their intellectual endzavors was the establishment of some of Spain's
? . finest universities. Instruments were invented to shafpen the perception
% g: of the eye and ear. Ccmpasses, cross-staffs, and astrolabes aided sea
E 5 R
- £ -
'é ;7 and land cavigation and permitted a more accurate determination c¢f location.
'é Reéding maps, collections of written directions compiled by travelers,
g %; o were used by sailors as an aid to navigation in unfamiliar territory.
B e
i 2 T .
P Kimble, George H. T. - Geography in The Middle Ages
¥
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So it was by the end of this period, in the 15th Century, technology

and intellectual curibsity were attuned to the rapid developments that

e |

3

Ft lay on the immediate horizon.
: AGE OF EXPLORATION

An explosion of knowledge occurred in the late 15th Century as a

result of thé trans-oceanic explorations, which in turn were made possible

ok e o i LR e L B
yigiaac

in part by the new spirit of inquiry and the accumulation of learning from
previous centuries. Again it was an economic motj -~ which justified the
expense of the exblorations. Trade routes to India and the Spice Islands were
vigorously sought by competing maritime European nations. Initial successes

in rounding Africa and in the discovery of the New World generated more

explorations and again increased the rate of data accumulation. Subjects

as e P T

such as geodesy, oceanography, climatology, meteorology, geomorphology,

rg v hydrology, and of course cartography benefitad greatly from the flow of

| knowledge. The job of cataloging information on the size and shape of land
bodies, water bodies, and the sea routes among land areas was an urgent need.
This descriptive task occupied most of the geographers of this era, and little
was done to systematize the data for the sake of general explanations.
Accomplishments of the three centuries beginning in 1500 included more precise
surveying, the determination of time, size and shape of the earth, outlines

of the continents, a grid system of longitude and latitude, the invention of
the map projection, and a start in the filling in of the content of earth
space with physical and biotic informatlon wuas made. This period of data

o accumulation and wapping tcchnique.dovelopment was Instcumental in setting

the stage for the process-oriented geography of the nineteenth century.,

[P VRN, ot e e an - e s R i e e e L A . o et o e A e e Yo i 5 s i - e eyl L . s e s e e e
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L [ NINETEETH CENTURY
' i The effect of the scientific intellectual bent <;f the nineteenth
| ; ’ éentury on geography was the great impetus in the discipline given to %é
[ studies on‘ physical geography and the relative neglect of human geography ;

f on the grounds that it could not be studied scientifically. With a large ) 5%
[ backlog of geographic data in hand, scientists of the times could concen-: ’i
‘ [ H trate on categorization and differentiation of mapped phenomena, Based ‘ %

z . on‘the philosophy of science of Immanual Kant, geography came to be known %

; s: : as a chorological science, one that deals with the association of diverée ?g

i phenomena in segmenté of earth space. Two intellectual giants arose at 5

this time in Germany, Alexander von Humboldt and Carl Ritter, both of

whom molded the development of geography by the example of their work.

==

Von Humboldt devoted much of his efforts to the systematic accumulation of

R ok o pin e
[ ]
L 1 ]

ks

carefully measured observations from far-ranging field work. Ritter's

major contribution was the treatment of regions on the earth's surface

Gy
® ¥

as units which gained their character from the interplay of all sorts of
human and physical factors. The deaths of these two men in 1859 left a

void that proved difficult to £ill, and the resulting lack of leadership

]

TRy M

precluded any strong development of the science of geography for several

3

decades, By the close of the century, Friedrich Ratzel in Germany, William

]

k]

Morris Davis, John W. Powell, George P, Marsh, and Ellen C. Semple in the
United States had established a strong physical base for geographic

study, carrying it so far as to clairing that the physical environment was

e o bty g iy
» 4 e Y

a major determinant of human behavior. So strongly was this latter idea

P
v

presented in the United States, termed environmental determinism, its impetus

ot A%y

influenced geographic thought even into the twentieth  atury.
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THE MODERN ERA

The modern era in the development of geographic thought, measured

by a fundamental reorientation of ;he meihodology of the discipline, .

did not occur until the twentieth century was about half over. Perhaps
the strongest component of the field of geography at the beginning of

the.century centered on the study of landforms. Process and fhe_develop; -

. ment of erosional surfaces otcupied the best minds in geography and o Fé
e various descrip;ive models of landform development were hypothesized; ) N é
b ) Much of the work, and ité carry-over into the underdeveloped human side'r i%
- of geography, was almost -exclusively theoretical in nature, with virtually = g
” ; no thought given to the testing of hypothesesrwith empirical data. One .é

of the most ‘quoted apologies for this lack of a scientific approach to

€y ¥4y

e geography was the complaint that geographic variables were far too complex
. to permit valid scientific analysis. This line of thinking was reinforced
in the 1920s when geography made a swing to the human aspects of fhe“field,
since it was thought that h;man behavior could not be subjected to rationai
analysis. Another important bit of philosophy in methodology characterized
the thought of proﬁinent geographers of the Qay, verbalized in Carl Sauer's .
classical article, "The Morpholczy of Landscape," reasoned that geographers
should concentrate their efforts exclusively on the spatial structure of the
phenomena they studied rather than to delve into the functional relation-
ships among the phenomena. This idea was instrumental in retarding the
scientific development of the field, hecause it encouraged geographers to
think that "mere description" was the legitimate goal of their discipline,
i , thereby seducing would-be scientists from the more difficult concern with

process and functional relationships.
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A generation of geographers,‘fromfabout the 1920s through 1950,

produced a litératute which was long on fact and short on theory.

~ Many studies were made, often based on data collected in the field,

 which described the géographicrconténi of some, usuall& small, segment

of earth space. This inventory stage, however, was rarely followed by

' an analytical stage which was designed to seek generalization from the

specific data gnd relate the findings to some broadex understanding.

The superficiality and lack of scientific merit in this work began to
nag on thg conscience of the profession iA the early 1950s. Fred K.
Schaefer’s 1953 article, "Exceptionalism in Geography: .A Methodological

Bxamination," sounded the call to revolution. 1In this article, Schaefer

statedithat the nature of geography did not make it analytically unique,

as the previous éeﬁeration claimed, thefeby dispatching the notion that
the_scient%fic method could not be followed in geography. He called for
theoretical cénstructs whicﬁ could explain and predict the spatial dimensions
of phenomena, and in this way escape the sterile description which was
leading ge&graphy to intellectual naivete. A period of rapid development

of a scieﬁtific approach to geographic problems characterizes the most
recent period in the evolution of geographic science.

For the past sixteen years, a major portion of the new generation of

geographers has been concerned with the development of scientific geographic

methodology. For too long, the older generation of geographers have pro-
claimed that the scholarly goal of geography was to understand "the total
integration of factors that give varying character to places on the earth's

surface." The nev generation believes that his ambitious goal is impossible
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to attain at the present time., A first step towards the goal, however,
can and must be made ty an intensive investigatfon of the functional
characteristics of component parts, or sub-systems, of the great man-
environment complex. Furthermore, in conformance with the successes and
trends in the other social sciences, an understanding of man's spatial
behavior must be sought through the use of scientific methods which are
firmly rooted in quantitative techniques. Armed with this mandate, the
yéunger geographers have produced many statistical and mathematical models

to describe, explain, and predict the spatial dimensions of human activities.

VB

Ian Burton claims that the scientific, quantitative revolution in geography

is now over, 1 his implication being that the rew approach to geographic

study has proved its supariority to older approaches ana the task remaining
is to articulate the major concepts 2 that the new orientation of geography

has laid open.

- , THE QUANTITATIVE ERA
Machine technolegy and quantitative analysis have given geography much
more powerful tools with which to examine the man-environment system. As a
result of the increased scientific cespabilities provided by the computer age,
geographers have joined with other scientists in developing problem-solving
mathematical models that would have been too laborious or complex to solve

without‘machine‘aid. Much of this work in model-building has been theoretical,

r—— ————

Burton, lan ~ "The Quantitative Revolution and Theoretical Geography,"
Chapter 1 in Spatial Analysis: A Reader in Statistical Geography - p.13

2 -See: Kuhn, Thomas S. - The Structure of Scientific Revolutions - p. 24
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without-empirical verification, Peter Gould has often stated that our

analytical aﬁiliéies in geography today havg outstripped the capﬁbilities

to collect'pertiqent data to test our idéae against.l Thus today there

are many statistical and méthematicai‘models in the field which seem to

- hold much promise for adding depthvand breadth ﬁo our gesgraphical ;
“knowi;dge, ﬁut the concepts and theory.to support these models have not S |
been thoroughly tested. The specific ability of these models to explain

real-world data and to sharpen our insights about the man—enviroﬁment

- complex remzins fo be proved. Evaluation of the new techniques is there-

fore a worthwhile project for anyone who makes practical use of geographic

methodology.
based on the
development,

techniques.

The two

be termed "the scientific school," and for want of a better term,
non-scientific school." Geographers who approach their subject matter

scientifically are concerned with the "generation of knowledge without

end."2 That

to find generalizations about the real world that effectively explain reality.
The discovery of such a system permits ome to understand the interconnecticns

between the factor studied and the other functional parts of the system to

-13-

caifhliiite,

Identification of the most promising new tools can be made
rationality of the analysis, and the trends in hardware

even though hard data may not be available to verify the

TWO PREDOMINANT PHILOSOPHIES

predominant philoéophies that exist in geography today might

the

is to say, they seek universals in the data they study, hoping

1 personal Communications with Peter Gould, 1960-1963

2 Ackoff, Russell - The Design of Social Research
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is a system of logic. Mathematical definition of terms is precise, concise,
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which it belongs. Thus, not only is the phenomenon 1&ﬁediate1y under
scrutiny understobd, but a knowledge qf the conditions of ihe epvifpnﬁent
(both physical and cultural) that in any way ;ffect the phenomenon‘per~ij
mits valid inferences about similar phenomena wﬁiqh have not been cbserved.
One of the characteristics of the scientific study; then, is that iés -
conclusions have wider applicability‘than the immediaté bounds of»éhe
prbblem at hand. Hence much of the literature from this school concerns
itself with techniques of analysis, ways to interpret a.set‘of data whereby
more information is acqﬁired. | |
‘Typically, but not necessarily, the scientific school utilizés

statistical and mathematical techniques in pursuing its studies., Mathematics

and readily understandable to other trained scientists in the field.

=
¥

Furthermore, quantified variables can be manipulated by machine processes
which are more accurate, faster, and far more complex than would be feasible
by hand calculation. Vast quantities of data can be stored and recalled in
various combinaticns and in various formats, including machine-printed maps.
Results of statistical-mathematical studies can be checked and modified in
the light of new data and thus possess the invaluable scientific property
of a building-block nature. The scientific geographic approach uses the
scientific method discussed above to expand geographic knowledge by a com-
munity effort, one project advancing the bouﬁds of another project, the cumulative
effect being the generation of knowledge without end.

The goals of the non-scientific school are the same in substance, but

their methodology hinders rather than furthers these goals. 'his group seeks
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inspiration and definition of their legitimate areas of scholarly
interest in the works of great geographers of the past.1 Tlis is
p#tgntly a logical error, because it denies the value of the scientific
evolution of the discipline. A scholarly task to the nineteenth century
German geographerg today could be a naive study, unworthy of attentionr
by pr;fessiﬁnals. Cataloging space data once was an essential job

for geographers, whereas today, profound work requires lucid enalysis

‘and meaningful interpretation of the data. The attitude of the "Traditional

school" is that the complexity of geographic variables precludes the
application of scientific methods. This outlock produces studies which

have been called "descriptions of unique entities." Research in this vein

typically involves a careful empirical description of the structure or

functions of phenomena or events. Any generalizations derived from the study are
usually only descriptive summaries of the data at hand. Definitions of
terms are not often made, hypotheses concerning the relationships of vari-
ablés in both the observed system and broader universe to which the system
belongs are not posed, and the results of the studies therefore rarely
generate information beyohd the bounds of the original problem statement.

The non-scientific geographers are usually the regionalists of the field.
Regional geographers attempt to understand the overall cffect of the inter-
relationships of all sorts of phenomena that are associated in vaflous

places. In trying to comprehend the totality of factors in an area, these.

For exposition of these ideas, see: Hartshorne, R. - The Nature of
Geography; James, P. E. and Jones, C. F. - American Geography:
Inventory and Prospect; Murphay, Rhoads - The Scope oi Guography;
and Broek, J. - Geography: Its Scope and Spirit | :
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geographers most often condemn themselves to only a superficial
understanding of these factors. Their real forte is an almost innate |
understanding of the cultural environment of their place of interest,
which is inculcated in their thinking from years of study and/or
residence in the area. All too often, however, this understanding is
a nebulous, mystique-like part of their knowledge and it therefore is
never communicated effectively to fellow workers in the discipline.
Perhaps much of this "feel for the area" cannot be communicated, but
in order to have scientific value, as many variables as possiblé'must
be put into a standardized form that permits other schélars to under-
stand and utilize these factors. Because the traditional geographic
tools and the results that they produced lack scientific merit, many
geographers, spurred on by the rapid advances in all of science, have
recently attempted to regenerate geography into a modern-scientific
discipline.
APPROACH OF THIS REPORT

In light of the rapid development of geogtaphic methodology, the
purpose of this study is to describe some new techniques being utilized
in geography aud to evalua;c their possible usefulﬁess for various
military applications. une major source of data for the study is
published material, both books und artiéles froﬁ professional journals.
Since a plethora of ﬁéthodnlogtcnl works ls being published these days,

it {s fortunnte that various pairs of geographers have put together
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dnthologies of studies that the ediﬁors selected as particularly
valuable contributions io the literature, The existence of these
books, liéted in the annotated bibliography, not only aids in the
collection task, but it also provides a grouping of articles from
which research trends can be deduced. From the outset of this pro-
Ject, it was felt that an attempt must b- made to include some of
the unpublished studies which represent current thinking of members
of the profession. Each member of the Association of American
Geographers as listed in the 1367 Directory of the organization whov
indicated a professional specialty in methodological topics w;s con-
tacted by questionnaire and gsked to report any unpublished ideas
concerning research techniques. (The summary report of responses to
this questionnaire survey is included in this report as Appendix C ).
Personal contact was another method used to gather data. Discussions
with geographers at the Univérsity of Kansas, Harvard University Center
fof Computer Graphics, the annual meetings of the Association of |

American Geographers in Washington, D. C., August, 1968, the annual

meeting of the Southeast Division of the Association of‘Ameriéan

Geographers in Gainesville, Florida, Novémber, 1967, the 2lst International
Geographical Congress in New Delhi, India, December, 1968, and the
Stafiétical Techniques Seminar in Mysorv, India, December, 1968, ill
contributed insights about new developments in>§eography.

| In addition to the personal contacts, a scerch of geographic and
folntéd litorature was accpmplisheé. ~All the articles published in the

Annals of the Association of americen Geographers back to 1950 were
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abatracted and analyzed; a similar procednre was followed for Ecanomie o
Geography, with the idea that a more specialized journal such as this
might reveal some differences in research :renda from tbe more generalized :
journal. In order to iiasern changes in methodology and comnon probldm—tyﬁan;
geographers have been interested in, a study was done of the,histaticul“
development of geographic thought, The major results of this study were:

summarized in the first section of this report, and some of the ideas kre»

used in the discussion on specificbtechniques which follows. Several sources ..

on general scientific methodology and om social science methodology weré

used to compére developments in geography with developments iﬁ the over-

all scientific commuaity. This source also revealed many of the develop-
ments in machine technology which should be understood to evaluate the
potentialities of development trends in geography's techniques. Bibliographic
accumulation from articles, bocks, questionnaires, and coulleagues helped to
1dent1fy tﬁe major groups of statistical models with which geographers are
working today. They are analyzed and evaluated in the following sections
according to the types of problems they are designed to solve.

Iwo gecgraphers wrote reports on new developments in their fields for
the project. Dr. Richard Witmer, Assistant Divectér of the Association of
American Geographers Commission on Geographic Applicationi of Remote Sensing
of the enviroument corpiled a lengthy’bibliog:aphy on.vatious remote sensing

systems and briefly commented on new developments in thi# area of methodology.

. Professor Cecil E. Palmer did ¢ study of water rescurces techniques currently

used in goographic analyscs, with a major focus on the role of_the geographer
in wvater rescurces planning and manasemcnt.. Bo;h:réports are included as

appendices to this report, pu&lishcd under separat: cover,
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NEW TECHNIQUES IN GEOGRAPHY

vy EB W

The new scientific geography is developing techniques and procedures
which are problem-solving in nature, a systematic methodology which asks
and answers significant questions about spatial relationships in the real

world. Basic to all scientific endeavors is the assumption of rationality

. Sl W

of the universe in which science operates. This assumption specifies that

e JEEE S B ]

regl world phenomena and events are not random occurrences, but rather are
tied to other phenomena and events in cause-effect systems. Scientific
geography is organiznd around the formulation and testing of hypotheses that
try to understand various spatial aspects of these cause-effect systems.1

The goals of this approach to the discipline are not only to describe the

B pe e
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structure of spatial systems, but also to explain their functioning and to

¥

predict the replication of similar spatial distributions and events.

Modern geography starts with the notion that there are "Spatial Dimen~
sions" of objects and events which fundamentally influence the character
of the objects and the execution of the events. Location, spatial extent,
flows over space, and succession of spatial patterns (addition of the time
factor) are attributes or proparties of objects and events that are the
subject matter of geographic analysis.2 Space or distance is a cost-incurring,

time-consuning, and energy-absorbing hindrance to the free geographic mobility

1 This idea is consistent with P. E. Jawes' discussion of "Processes" in

Chapter I, Jawmes, P. E. and Jones, C. F., American Geegranlhiv: Inventory
and Prospect, pp. 5-0.

2 Many of the ideas in this section are derived from the following sources:
Chorley, R. and laggett, P. (Eds), Models in Geogrenhvi Berry, Brian and

Lo
Marble, D, (¥ds.), Snaticl Analvais: A Reader dn Statiatical CGeogvaniivg
Scicnoy of Geeeravhys Cele, J.

NAS/NRC Ad Voc Covmittec on Googrephy, The

P. and Ring, C. A. M., Ouantitative Gooovanhy,

-’
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“ened and broadenad by modern geographers. The concept of accessibility (the
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of people, commodities and ideas. Thus it can be arghed that the "friction

of distance" is a basic attribute of real-world human and physical systems

which must be understood if there is to be a full comprehension of these

systems. For the geogrépher, it also means that other aspects of the nature

vk it i btk it

of phenomena and events must be understood if he is to interpret the signi-

PEATERYO

ficance of the spatial dimensions. Since many central problems within each -
of the spatial dimensions have been defined and identified as significant
topics for examining real-world sYstems, analytical techniques are under

development to probe these topics.

CENTRAL PROBLEMS OF SPATIAL DIMENSIONS
Some geographers have contended that the description and explanation of
location is the central problem of all of geographic study.1 Certainly this
spatial dimension has been a focus for geographers' attention since the

earliest scholarly studies, because the 'where'" of data is an inherently

geographic theme. The interpretation of the location problem has been sharp-

ability to move from one place to another) is an aspect of location that has
direct application to many practical situations. Tﬁe size and spacing of nodes
(such as in a system of urban central places) can be studied to learn about the
structure and functional relationships of nodal systems. Related to this latter
idea is the concept of a hierarchy of nodes and their location within the

system. Density and intensity of various types of point patterns in an area

Sec: Bung , William, Theoretical Geography
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is yet another important locational question. The functional connections .

among locations (as between manufacturi;g plant‘sites and source locations

of the factors ofrproduction)\emphasizes the dynamic qualities of a spatiai
system. The concept of a spatial gquilibrium connotes the i&ea’of efficiénéy A
of locations in a conmnected nodal system. These and other aspects af

location form a set of problems which can be claimed as distinctive objects

of geographic study.

~ SPATIAL EXTENT

Spatial extent of‘phenomena or events is almost universally recognized
by geographers as a core problem in their discipline; usually comprising the
idea of the homogeneous region.l Regions can be defined and investigated on
the basis of a single factor or on a composit: of many factors. Traditional
geographérs have developed the concept of the "compage;“ which they define as
the totality of factors that give character to places. Modern geographers
have rejected the legitimacy of the compage as a current rgsearch goal on the
theoretical grounds that the task is impossible, given the present capabilities
of our analytical tools. They argue that the character and meaning of the
spatial extent of individual factors must be thoroughly understood before a
reasonable attempt can be made to understand the interplay of many factors.

Major efforts have been made by the new school of geography to develop
concepts and techniques for analyzing single factor regions. The problem of

studying the character of places based on one or several related factors

See: James, P, E. and Jones, C. F., American Ceouravhv: Inventory

and Prospcct; and James, P. E., “The Regional Concept and the Regional
Method," p. 21,
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i
attracts the attention of many geographers. Important in this effort is
the definition of terms that are widely accepted and therefore usaBle by ;

co-workers in gecgraphy and related disciplines. The terminology and con-
cepts of systems analysis are currently being promoted as the means toward
this end. Much work is'needed in this area because many of the ideas in

systems analysis as applied to spatial problems are nebulous and lack clear

reference to real-world situations. The size, shape, and related functional
characteristics of hinterlands (tributary areas) for economic, cultural, and
.physical regions are being defined and studied with ﬁew techniques of
analysis, The statistical surface of variations in intensity of an explana-
tory factor, including the gradient and direction of change in the factor, is
an important concept that is being operationalized. Related to this type of
analysis is the problem of measurement of the covariation of two or more
areas of spatial extent. A series of techniques is being explored to solve
this problem. Another interesting exﬁerimental area concerns individual's
perception of space. This idea indicates that some aspects of human behavior
and some aspects of the "cultural environment" can be discerned by people's

"space preferences."

SPATIAL FLOWS
Edvard Ullman has pioneered the development of a new focus of geographic
research, the movement of people, commodities, and ideas over'space.l This

is a topic of "hard core" geography bacause the significance of the distance

1

See: Ullman, Edvard L., "The Role of Transportatlion and the Bascs of
Inte.action,” pp. 862-80,
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variable is central to the problem of spatial flows. Again the concep£

of accessibility looms significant, in terms of cost, tiﬁe, and various
expressions of cnergy absorption. Communications netwbrks, linkages

among places, centrality, constraints to flows, the direction and volumes
of traffic, and complementaritv amoig functionally related places all are
aspects of the spatial flow problem to which new geographic techniques

are being applied. Movement over space is a particulaf&y important sub-
ject because process and functional relationships are stressed, thus imply-
ing a further significant dimension of geographic analysis, the ﬁistorical

evolution of earth-space content.

SPATIAL SUCCESSION
Changes in space over time is another major area of geographic concern,
recognized by the "main stream" of geographers of the early 1950'3,1 but
infused and enhanced with new insights by the new scientific approach to
geography. Topics such as the growth or decline of population, income,
industry, trade patterns, or cities engaged geographers since at least the
time of the 19th century regionalists, who attempted to explain the apparent

growth advantages of one place at one time with the advantages of another

place at another time. Torsten Higerstrand's research cpened up fruitful
nev lines of geographic inquiry with his work on the spatial diffusion of

ianovation waves.z Spatial diffusion examines both time and space variables

See: James, P. E. and Jones, C. F. (Eds.) - Op Cit.

Sce: HNidgerstrand, Torsten - Iunovotion Diffusion &3 a Spatial Process.
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to trace the quantitative growth of é factor or adoption of a new idea:
This general formulation has many potential applicatioms in geography. -
An older version of the basic ideas of change through time was the study
of sequent occupance of an area. A new top;c along this line is the con-
cept of zones of cultural contact; or frontiers; or zones of ideological
conflict. Again the main theme concerns the spread of differing ideas,
this time towards a place where assimilation or synthesis of the ideas

occurs. Spatial succession is really a topic that cuts across all previously

discussed lines of geographic research. It contains the normative implication

of planning for the accomplishment of a desirable spatial allocation of

resources,

METHODOLOGY

Methodology is a topic that is not a spatial dimension, but rather it
is the means for studying and gaining knowledge from the spatial dimensions.
Since geography today is undergoing a scientific revolution, much effort is
being expended in developing new techniques to do the old jobé of analysis
and synthesis better. In the course of these methodological exﬁlorations,
new lines of inquiry become feasible as research technology advances and the
new lines of inquiry are suggested as new questions are raised from better

answvers to older research problems which are now possible. In the following

paragraphs, an analysis and evaluation of some of the new techniques currently

under development in geography and closely related disciplines will be dis-
cussed. The discussion of techniques will be organized according to the

four basic geographic problem areas outlined above: Location, Spatial
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Extent, Spatial Flows, and»Spatial Succeséion. Techniques sometimes
overlap several or all problem areas, but the problem-oriénted organiza—
tion is here considered significant for emphasis of theiongoing~nature
of methodolegical development, comprehension of which should also permit -
useful predictions about future development. Specific topics to be -
discussed in the following analysis and evaluation of each technique are:
basic premise and methodology; criteria for data mgasuremént; educatidnal
level required for easy understanding and use; techniques for graphic
presentation; and mathematical and/or statistical techniques employed;
potential applications to military geography; adaptability to an ADP
environment; and comparisons of contrasting schools of thought. While some
techniques obviously fit more than one major line of geographic analysisz
eaéh technique is discussed only under its most appropriate application.
At the end of the discussion on a technique that can be used for other
purposes, the other purposes will be suggested. Techniques which apply to
all problem areas will be treated under the heading of methodology.
SIGNIFICANT NEW GEQGRAPHIC TECHNIQUES

I - LOCATION
1

A. Bachi's Standard Distance Statistic, Nearest Neighbor = The objective

of the nearest neighbor statistic is to desr~ribe a pattern of points in a given

area, according to whether the points are evenly, regularly, or randomly spaced.

The first step is to plot the point distribution on a true-scale map

For additional reference, see: Haggett, P., Locational Analysis in
Huwan Geography, pp. 231 - 236.
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or graph. Measurement is then made directly from the plot in any con-
venient linear measure from each point to its nearest neighbor. Values
are processed through the formula: R (measure of the distribution,

randomﬁess assumed) = ;A (mean actual distance to nearest neighborz//

) ;E (mean expected diétance to nearest neighbor if a random distribu-

tion exists). r, is derived by dividing the total distances of all

points to their nearest neighbor ( &r ) by the number of points Leing
- ) ’ -

examined (n); ;E is derived by dividing unity (1) by two times the

square root of the density of points in the region Cz\/;;:ho)). where
rho is the overall density of points in the region. The value of R,
the nearest neighbor statistic, can vary from O (points are agglomerated
at one place), to 1 (signifying a random point distribution), to a
maximum of 2,149 (which signifies maximum spread of points, thus even
spacing).

The principal value of the nearest neighbor statistic is thatrit
is a systematic procedure for describing a point pattern accurately

and intelligibly for communication with interested parties. In dis-

pelling ambiguity, the technique like all other scientific procedures

permits comparability of point patterns at different time periods and

- at different places. Argument arises over the interpretation of

intermediate values for the statistic. In describing a given pattern,
definitions of 0, 1, and 2.149 values are clear, but the question
about category dividing points (i.e. at what sﬁecific value does a
distribution cease to be aggloﬁerated and take on the property of

randomness) is debatable. Another problem of interpretation ariscs
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when point patterns are clustered in small groups which in turn are
scattered throughout the entire area. Problems su;h as this of
extreme spatial skewness can be handled by modifications to the basic
program. One particularly valuable analysis that can be accomplished
with the nearest neighbor techhique is the comparison of the same
area's point pattern at different times. Changes in the pattern over
time might reveal whole new orientations of central place systems, or
the rationalization of previously randomly located factories, or
some other such significant change.

The mechanics of calculating the nearest neighbor statistic are
simple enough to be handled by a technician with only a basic
knowledge of college mathematics, but the interpretation of results
requires graduate level training in modern geography. The measurements
of distances between points is a common task :mong laymen who read
road maps. This task will probably be completely automated in the
near future with various kinds of scanning devices feeding information
into a coﬁputer. Interpretation of the relative agglomeration - randomness -
even spacing characteristics, however, requires a firm understanding of‘
the verious systems to which the points in the pattern belong. Central
places, factorics, administrative centers, command posts, and communica-
tions centers have some general functional likeness, but their specific
functions and therefore the meaning of their Spatial distributions and
interconnections within their systems depend on their specialized purposes.
Persons must be xntimatgly familiar with these purposcs for accurate and

full interpretation of their spatial dimensiona.
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Potentially there are both tactical and strategic military
applications of the nearest neighbor statistic. Many types of human

(to include military) activities in earth space take the form of point

_patterns; they can thus be graphically presented and anclyzed in terms

of the geometry of the point patternt. On the strategic level, the
nearest neighbor analysis could be used to explore such diverse
spatial distributions as cities, industrial complexes for target
snalysis, watering points in an arid region, location of mineral
&;posits, or the growth of strong points in national defenses. Since
the success of tactical level uses of nearest neighbor analysis would
depend upon the speed of the analysis and sensitivity to relatively
rapid changes in point patterns, use of the technique af this level

would appear to hinge on the utilization of computers in tactical

operations. Once information was gathered on a point pattern and fed to

a digitizer, then periodic checks on the pattern and machine analysis
might De used for such iutelligence purposes as troop movements, target
acquisition, planning a logistics system, shelling strike reports for
artillery, and many other uses where spatial point patterns are signifi-
cant. This application, along with most others based on new geographic
techniques of analysis, will‘attain its mgximum usefulness when tied
into a central data bank which will permit recall and recombination of

many divergent bits of information on an area to develop intelligence.

These comments in general apply to most of the other techniques discussed

below,
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B. Central Tendency and Dispersion1 - geography's adoption
of these standard statistical parameters indicates the'long overdue -
attempt qf the discipline to make its methodology more scientific.

The "average" or "mean" of geographic data has been used for many
years, all too often obscuring rather than illuminating relationships
that the data contained. Thé recent application'of other descriptive
statistics to geographic problems has thus been employed to elicit
more meahingful interpretations from geographic informatiﬁn.

Geogréphers are faced with a peculiar problem in the data with '
which they deal. Bungg in Theoretical Geography makes the point that a
"single factor regiqn" actually contains two factors, one of which is

location, This idea points to the fact that by definition, a geographic

issue, i.e. the effect of location on the varjables which are commonly

factor is an object, a property of an object, or an event at a particular »%
— £

&

3

place. For the most part, geographers have tended to ignore this central 1
@

PR R

thought of as belonging to other disciplines. They have used statistical
techniques vhich are designed to measure characteristics which are uni-
dimensional; vhereas their data are both topical and locational. The adapta- - L }
tion of stand:rd statistical techniques to poctray geographic relationships |
adequately is a>topic that geographers must concern themselves witﬂ more.

This subject will be explored more fully in the last paragraph of this

section below.2

1 fing, Loslie - Statistical Analysis in Geography - pp. 22-31, 89-97.

2 For more 1hf0rmation-on Anplications, sce: Bachi, ﬁoberto; “Statistical
Analysis of Geographical Ser{as,” in Berry and Marble, Snatial

Analysis, pp. 101-109.
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) The corzonly used measures of central tendency and disperéion are _

the mean, wode, wedian, variance, and standard deviation.l The value

P s,
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H
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of these measures is that they accurately and concisely describe the
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nuzerical characteristics of a set of quantitative data. They comprise

a shorthand representation of the original data that can then be used

JRT

to analyze and synthesize datz parsimoaiously, to compare cumbersome
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g 5, s sets of data, and to communicate results of data manipulation intelli- :
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e t- gably ané briefly. Central tendency and dispersion refer to the distri- g
28 bution of values in a set of data 2long the scale on which the data is
l; ’
: measured.
N : , ‘ .
e _ An arithmetic wmean is derived by dividing the sum total of all
fg‘ I values ia a set of data by the nuzber of observatioas in the set. If the
P data values are noreally distributed (the determinaticn of normaley will
~—~ - . . .
V;.ii be discussed beleow), then the "mean value" is a valid representative of
e : - . : . :
H each of the individuz2l valves of the sct. In a2 skewed distribution, one
RS ‘ .
ﬁf': having some values puch higher or lower than the majority of the values, |
kS - I ] ) 3
: i- the valuc of the mz2an is either inflated or deflated by the few deviants.
e This of ccurse renders the m2an value warepresentative of the individual
& M -
: {’ ' observaticns., For z syrmatrical {pormal) distribution, the mean, rede, and
- ,
m2dizn 211 have the same value.  Seczuse theve are vwell-developed wathe-
i ’ matic2l techiicues for further zmzlysis of the rean, it is the most useful
t peasure of coniral tendency for normal distributions.
: The rode and median heve their greziest valte in describing statistical
[ distributions vhich are «ieved. The wmode.is simply the value of 2 sct of
[' - Most standevs statistical textbeols describe thesc measuves.
r
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“data which occurs the most frequently. If there are two values that
occur an equal number of times, the distribution is said to be bi-modal.
The mode has only limited uses-in the behavioral sciences. A median
is the value in a statistical series which divides the number of observa-
tions into an equal number of yalues less than the median value and an
equal number of values more than the median value. 1In a highly skewed
distribution, therefore, the median value is usually more representative
of the individual values in the distribution than the mean would be.

Dispersion of the values in a distribution around the mean or median
is measured most commonly by the variance and the standard deviation.1
The variance is the summation of the squares of each value in the distri-
bution subtracted from the mean of the distribution, the whole of the
summation then divided by one less than the numbe; of observations in the
distribution. In symbols: 82 (variance) - ggi (Xi -X 3//’(N—1).

The resulting figure measures the dispersion of al’ observations from the
arithmetic mean of the statistical distribution. The square root of the
variance yields the standard deviation.

In the analysis of a normal distribution, the standard deviation is
an excecdingly useful parameter. Constant percentages of the total observa-
tions in any normal distribution are defined by the mean and standard
deviation of the distribution when vsed together. Sixty-eight percent of
all observations are always found within the range of plus one standard
deviation above the mean to minus one standard devistion helow the mean in

normal distributions. Ninety-five percent of all ohgervations are found

e W B S

1

See: King, Leslie - Statistical Analvsis in Geogernhv, ppe 26-30

e —— s oy A — U




P

r St

-33-

within the range of plus two standard deviations above the mean to
minus two standard deviations below the mean; while ninety-nine per-
cent of all observations lie within the range of three standard devia-
tions above and below the mean value.

Standard deviation and mean have an outstanding use in geography
for rationally determining the categories of statistical data which are

to be mapped. When a choropleth map is to be drawn from a collection of

‘statistical data, the categories to be portrayed are often chosen rather

arbitrarily. Breaking the data into quintiles is a popular method, be-
cause this division gives an average category, high and low categories,
and very high and very low categories. Any greater or lesser number of
categories also may be used in this classification system, the result
being an approximately equal number of observations in each category.

In normally distributed statistical data that are to be mapped, the stand-
ard deviation can be used to determine the value range of data that de-
fines map categories rationally. A middle or "average" category of values
can be delimited by one-half a standard deviation above and one-hzlf a
standard deviation below the mean value of the distribution. The next
categories would be defined as one and one-half standard deviations above
and one and one-half standard deviations below the mean. The last cate-
gories could be two and one-half standard deviatlons above and belov the
mean. This method is considered a "rational" mathod for category defini-
tion, because it derives categories by folloving stundardized statistical
proccdures and because it defines categories accordlng to understandable
parameiers that accurately and neanlngfully doscribe the statistieol data

from which the mop is to be drawn.,  To Jilustrate the latt:yr point, in

e L
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normal distributions, 687 of all values fall between plus one andhminus
one standard deviation from‘the mean; while 957 of all values fall be~-
tween plus two and minus two standard deviations‘from the mean; and 99%
of all values fall between plus and minus three standa;d deviations from
the mean. This imbues the qualitative category designations of 'very
high," "high," "average," "low," and'very low" with quantitative accuracy‘
and objectivity. 1In this sense, then, it can be said that the categories
into which data are divided are rationally derived.

The Kolmogorov-Smirnov test is one that can be applied to a statis-
tical array of data to ascertain whether or not the data are normally dis-
tributed.1 Briefly, this technique compares the values of an actual
statistical distributic: and their cumulative percentages against a curve
of values and cumulative percentages that would appear in a perfect normal
distribution, The objective of the analysis ‘s to determine how much devia-
tion from a normal distribution exists in the actual data. A "Z" score value
results from the calculation which then can be found in a table of "goodness

nl This value reveals the probability that the actual distribution

of fit,
can be normal with its given amount of deviation from the ideal normal curve.
Techniques of central tendency and dispersion help geographers to des-
cribe the locations of their data more precisely, within the limitations of
the "enumcration district problem'.'2 For much work in statistical analysis,

geographers nust accept data gathered by census units which may obscure real -

werld locational relationships. Az on exanple, the population of many cities

Ay . s g o - R W 4 W S = - S e ean ———n iy . A . g AWt —————

Smirnov, V. "Tables {or Estimatinvg the Goadnieus of ¥it of Tmpirical
Pistributions! The Annals of Netheratical Statisiics, Yol. NTX, 1948,

[ 3]

¥Yor example, sect Robinsou, A. H., "The Necessity of Woedvhting Values
ple, ’ ’ b ! b
in Corrclation of Arco) Data"
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between 1940 and 1950 appears to have been static or to have grown

only slightly. 1In reality, the cities often have doubled their popula-
tions, but most of the increase has occurred in the suburbs, outside

the political city enumeration district. The functional city expresses
the real~world city, whereas the political city becomes a fiction of the
census taker. The ideal data unit for the geographer would be small
hexagons (size depending on scale of problem) which would give total area
coverage and at the same time reveal the actual spatial variation of the
data. Geographers who can specify their own areal units, such as those
gathering raw data directly from aerial photos or topographic maps, can
insure that they gather data which reflects the actual situation, which
in turn will insure more meaningful use of statistical techniques used
to analyze the data. Perhaps the data problem is akin to the need for
"normalcy” in statistical distributions, where geographers must add

“areal normalcy" to the need for statistical normalcy,

C. Chi Square1 - this is a measure to ascertain whether or not
there is a significant difference between two samples of statistical data.
It is often used to compare an actual distribution to an hypothesized
distribution. The formula for the statistic is:

2 kT
X° (chi square) =) - -
=1 Ty

where fj is the obscrved frequency of an actual elass (jth of k classes)
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For more details, see: Gregory, S. Statistlenal Methods and The Giographer,
pp. 163-179, ’
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of objects, properties, or events, and Fj is‘a theoretical or expected
frequency. Thus the statistic is used to test a definite hypothesis
about the frequency distribution of values in a statistical sefies.

In order to utilize Chi Square to advantage, enoﬁgh must be known
about the situation under investigation to permit the researcher to
advance a plausible cstimate of the statistical distribution that
could be expected under specified conditions. Chi Square in this
instance would be used to validate or invalidate his hypothesis. 1If
the deviation between actual and éxpectcd is too great (a high Chi Square
value), the rescarcher must conclude that the two samples must be from
different populations. While this latter result would deny the original
hypothesized statistical distributiou, it could conversely be used to
differcntiate categories in a group of statistical series. Thus Chi
Square might be used to separatc data groups into categories for mapping,
or it may be used to demonstrate a relationship betrween classes of data.
An example of the latter use might be a coﬁparison of observed traffic-
flow along various categories of road types, based on the assumption

' with an

that thesc road types have differing "carrying capacities,’
hypothesized distribution of flow that one might expect, given the dif-

ferent road qualities.

1 .
D. Computers, Uses of " - Compuier storage, analysis and retrieval
of infornmation promises not only greater accessibility to information and
more facile handling of Jarge amounts of data, but also the truly geographic

interpretation of census gathered poinl and area data. Data stored at the

For a discussion of developments in computer techaolagy, Sce:
Scientific fmeriean, Information; Hollingdale, S. 1. and Teotill, G. C.,

Electyonic Compubera; for o gencral discussion of computer use in geography

See: Kao, Richard €., "Tie Usc of Computers in the Processing and Analysis
of Geographie Infeyuntion,” in Lerry and llarble, Spatinl Analysis,np.67-77.
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location it occurs is a vord description of a map, Geographers have empha-
sized this aspect of the functions of a map, claiming that the map is thus

a geograohic tool par excel.ciace because it shows '

'spatial relationships.”
This is true to only a limited extent. Putting information "in place” means
that some aspects of the Euclidecan geometry of the data can be interpreted
with the eye, or for more precision, with the ald of measuring instruments.

Geographers now recognize, however, that there is much more to "spatial

‘relationships" than the traditional geometry would imply. Hence the familiar

geographic concepts of orientation, centrality, nearness, friction of dis-
tance, connectivity, regional boundary, extent, covariation, and others are
being rethought and reformulated to encompass new perspectives on real-world
and abstract space relationships. Innovation diffusion, space perception,
demographic potential, gradient of desire linecs, spatial efficiency, spatial
equilibrium, and others arc new concepts under development. Part of the drive
for new concepts has been stimulated and made feasible by the increascd
analytical capabilities provided by developments in cowmputer technology.
Computer uses range from bookkeeping and computation to analysis of data,
map compilation end printing, and now some processes of learning. "It is by
restoring the immediacy of sensory experience and by sharpening intuition
that the computer is reshaping expcrimental analysis."l Tuercasingly complex
geographic data matrices of the type Berry suggests can be stored and manipu-
lated as computer memories are cxpanded.z New ideas for interpretation of
data can be programmed and then experimentally run against stored data for a
testing of the methodology or for the elicitation of new iafoyrmation from
the old data. Tablet type input also promises much for geopranhic usc as
sketches, maps, or graphs can be fed directly to the computer by means of a

special stylus, thereby permitting almost finstantaneous interpretation.

Scientifie American, Op. Cit., »n. 114

13

Berry, B. 0. 1. and Marble, D. F., Spatinl Aualvsis, pp. 2434,
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E. Contiguity Ratio C 1. This statistical technique performs a

{

task for a chovopleth map that ncarest neighbor performs for a map of

point distribution. The technique, a generalization of a one-~dimensional
analysis often used in time series problems, can be used for any number
of dimensions. If contiguous areal units have similar statistical values,
then the ratio tends to total less than unity; while a more random spatial «
distribution of units will yield a ratio of unity. The formula is:
5
i#t' (2, - z') 2 ‘ :
C=(n-1) t t
2 K Z¢ (zt - z) 2

vhere ¢ 1is the contiguity ratio, the number of counties is n, the

1
measure of the t th county is z K1 isi:kt,zis the sum over all

t

counties, and 2. ' is the sum over contiguous counties.

Onc specific use for the contiguity ral’o in geography would be the
cartographic analyvsis of residuals from regression. Geographers often
are interested in the establishment of functional relationships between
a dependant and one or more independent variables. When theye is some
exploratory nature of the problem under investigation, that is when some
important Independent variables are unknown, the researcher will seek clues
about the factors that can explain the remainder of the variance in the depen-
dent variable which has not been explained by the knowa independent varizbles.,
(ote here the definition of "explain':  statistically, to explain means

to discover a functional relationship between variables; causation is

See: Geary, R. C., "rhe Contiguity Ratio and Statistical Mapping," in

Berry and Mavble, 1bid, pp. 461-478,
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not claimed,) He can map the residuals in any convenient way for the purpose
of further spatial analysis. Any method of analysis, the contiguity ratio
for example, would be useful for seeking spatial regularity in the residuals,

thereby suggesting additional independent variables.1

F. Correlation - Regression Analysis - These standard statistical
techniques have been adopted by geographers in order to define the degree of
covariation of features in earth space in a more rigorous and universally
understood way. King points out that there is a technical distintion between
the two techniques, regression analysis specifying a dependent and one or
more independent variables, while correlation analysis merely seeks functional
relationships among variables without specifying dependent-independent statns.2
In practice this distinction is often irreievant. Correlation and regression
techniques help tu shed light on one of the central problems of geographic
analysis, tiic description and explanation of t™e location of phenomena.

Correlation and regression analysis permit the geographer to describe and
to predict the spatial association of data based on the average relationship
between/among variables, expressed as a mathematical function. Linear'regression,
for instance, starts out with the plotting of the data on a cartesian coordinate
graph called a scatter diagram. The resulting plot of points on the graph
suggests whcther or not a relationship exists between the variables, whether
it is a strong or Qeék relationship, and whether the relationship is positive
or negative by the trend of the points. The next step is the construction

of the mathematical functfon cutrve which is fitted in to best approxinate

v . —— . - —— B P T Lt s e G S

! For further information on contiguity measures, Seet Duevy, Michael F.,

"A Reviev on Neasures of Coatipuity for Tuo and K-Coler Map: ', in Berey and
Marble, Ibid, pp. 479-495.

2 sec: Ring, L., op.cft., pp. 118164, For A Discussion of a Varfety of
Corzelntion = Rearcanton Techniques,

3 Dunge Clafrs that this §s one of the two centr:) prab!rﬂx in Cropraphy
Funge, W, Thearctical chgr”xﬁ\ pp. 195-196.,
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the average loci of the points displayed on the graph. The formula for

this best-fitting line is: Y = a+ bX , where a 1s the intercept of the
line on the Y axis, and b is the slope of the line. The parameters a and b
are derived by "least squares” methods, which are described in most standard
statistical textbooks. The coefficient of determination (rz) is a paramefer‘
of regression analysis that jndicates the proportion of the variance in the
dependent variable which is explained by its relationship to the independent
variable. If a significant relationship is demonstrated between variables,
then the equation for the line can be used to make predictions of the value

of the dependent variable based on the known value of the indepeﬂdent variable.
The relative accuracy of the prediction, dependent on the sizes of the r2
and mean deviation, is known from the statistics that result from processing
the original data before predictions are made.

The residuals from regression are data derived from regression techniques
which help geographers to analyze the preliminary results of a problem further.
Residuals are given in regression analyses for each individual value of the
dependent variable. A residuél is defined as the variance in the dependent
variable that remains urexplained, after the influence of the independent
variable has been considered. On the scatter diagram, the residual is
described as the distance between the lecus of the data reading and the best-
fitting 1ldne, measured vertically frow a line that represeats the mean
value of the dependeat vaviable. Residuals can be categorized by their
magnitude, and then nopped. By this procedure, the geographer can perfornm

a spatial analysis of the residuals, sacking meaning from the patteras

portrayed. The spatial patterns of residuuls often sugzest additional

independent variahles that mipht have bees everdoolod Ju the Indtinl stages

of the reacorch.
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This brief sketch of linear regression analysis was intended as an

1llustration of the general prccedures and understandings that correlation -

regression anaiyses provide. Geographers are no longer content merely to
portray the spatial distribution of a phenomenon, but they now see an
important scientific need to cxplain variations in locations and to predict

the occurrence of phenomena at particular places. Correlation and regression

analyses. have provided the tools for the accomplishment of these tasks.
With the proper modification of variables, and definicion of terms, these

Btatisticalbtechniques can be used for all types of geographic problems,

analysis of point or area patterns, flows over space, or spatial succession.

G. Factor Analysis - Principal Components Analysis - One assumption

of multiple regression analysis (not often fulfilled in practice) is that

pag G Uy SE) Mg TNy PE S

there is no interrelationships among the independent variables. Factor

1]

analysis and principal components analysis are multivariate techniques

vhich start with a set of data which is assumed to consist of interrelated

i +

- variables. The purpose of both models is to reduce the original set of
’ 1

p " variables to a simplified set of "basic dimensions." While both

regression and factor-prineipsal components analyses attempt to explain
the variaace of variables, the latter techniques provide a more secure

estimate of the relative "weight" of each variable in describine the

dependent variable, L. King states that there are mathematical and con-

ceptual differences between principal components and factor analysis, but

T

that often the two are treated as idéutical.

1 A AN e AR A S A A s AT MR A ® A4S G 4 e, -
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For a detailed discussion of the wetheds, Sea: King, L., op. cit.,
pp. 165-193, and Colc, J. P, and King, C.AM., Quantitative Geography
b PP' 155“1390 S
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Because of their ability to draw the fundamental attributes out of masses

of data, factor-principal components analyses are useful at tha initial stagésr
of an investigation when all of the dimensions of the problem are not well known.
The variables with the highest factor loadings (derived from product-moment |
correlation and subsequent rotations of the factor axes) can be readily
identified as those that most characterize the objent, event, or attribute .
being studied. The principal components or factors that emerge from the original
data manipulation must be interpreted to gain undexstanding from the analysis.
Herein lies a danger, bccause either too much or too little read into the
problem may drasti.ally reduce the utility and power of the analysis., As in .
all other forms of statistical analysis, intimate knowledge of the subject

will permit the analyst to make profound obsérvations whereas ridiculous
conclusions can result from interpretations by analysts with only superficial
knowledge of their subject. For the geugrapher; factor-principal components

analysis can define categories for the logical regionalization of an area.

Once data has been characterizzd by the techniques and mapped, the geographic
work of spatial analysis and intefpretation zan then be accomplished., Point
and éxtent data are handled by these techniques. One caution about multi-
variate techniques is in order. The more complex a statistical analysis
becomes, the wore diffi-ult it is to interpret the meaning of the results.
Even in multiple regression analysis, the significance given to any one of
the indcpcndeﬁt varfable, wust be advanced with restraint. It is believed,
for justunce, that the wvelghis of the sawe vaviables would be changed if

they were enteovd Inte the problen dn different ardofs. Wiatever the

dravback:, techniques sueh as factor-priucipal conpononts analyses are
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inporlznt becavse most problems that con~ern the huaan occupance of earth

space are mlti-dirersional.
R.

means for jnterpolation, and limiled extrapolation of data that are
oscillatory.” 1 Data thau vary cyclically along a time or distance con-

tinaun can be snalyzed by the attext to sylit:the*conplex cutve into its

Fouri=x (Hareonic) Analysis'— "Fbuiiet series provide a convenient

h Tmonic componcnts. The echaique hos been used to analyce meteorological

ard geélagical datz, but humzn geegraphers have not often used it. This is

prodably beccuse of the need ko  assume periodicity and cont inuousness of
the data.

The basic operaiion of the techaique is to déierﬁine whether or not
variations fa a dependeat ‘veriable can accurately be defined“in teres of
2n oscillatory fuaction. The Fr ier scories is coaaQSed of a rathematical
set of rerus coateianing sines and cosines. ;éaplitué;s; phase angles, ané
'f;;quenéias are all derivable froé the solution of the dgta;'and ihege
nharattefistics, pzy then be aualyzed and interpvlations may be attespted.

1f théfFourier curve fiis the datz to an aéceptabie level, thea the data
can be describzd as periedic, and thvs indeééﬁéent variables mev be sought
with the guideline thzt they too must b¢ periodic. 4 single Yourier se*iés

nay be used to a2ralyze a curve, whereas a double Fourier series can be

8 ‘zed to exznine a2 surfa

..

More and meorz statistical celiural
surfzces are hos
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ecgraphic studies and the Jatter techaigue

vee of problen.

KHarbaugh, J. and Presten, ¥,, "Fourivr Series Anzlysiz in Geclogr,”
Berry en -

L o in
and Mirblo, on. cit., p. 233.
2 . . ) . - I IRT S w r » S R S
See: ing, L. on. cit., pp. 2:23-126, Yor Further biscussicon.
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I. Grapk Theory 1 The technique of network geometry has been adopted

the connections and shapes of various kinds of lineat\nefworks. The relatively

R R IR A T

siuple "dimensional” notions of length and area serred by a transportation

Eas ey e

l by geographers and other scientists concerned with spatial problems to d:.-scribé
j; network have been topics that geographers have studied for some time. This

7covceptual base has recently been expandéd to encompass such spatially

gy Gttt e AN i SIS VRPN

- significaat ideas as "centrality," "connectivity," "flow capacity,” "critical

" "petwork efficiency,"”

paths, and others. Many of tnese new ideas have resvlted

from the application of graph theory to the study of the topological properties-

v

2 g bl

of networks. Further development of these concepts promise their extension
to many other social systems whose operational characteristics can be conceptually ’ i
related to tﬁose of a iransport network.

Gfaphs of networks are composed of vertices (nodes) and edges (connccting
linesramong nodes). The analysis of graphs is thus a2 techrique for examiningr
tﬂe general geogra?hic problen 6£‘a nodal region. Probleas such as the
hierarchal arrangezent of central places, flows of pecple, commodities, and
ideas amdng places, and classificgtioa of a major network into its sub-regicnhs
are npow being studiced through the uvse of graphs. Varicus indices have beén
propnsed to describe the graph characteristics. Tne Beta index, defined as
e/v vhere ¢ is the nuwber of edges and v is the nuvber of vertices, measures
the connectivity of the vertices. The increasing value of the Beta index
indicates thal tihe vertices have ar increzsing amcunt of in‘ercoamnectedness.
Another incdex, scuztimes called 2 Kénig nu:ber,z neasnras the ciptrality of

nodes. 7This mensure sizmply couants the =dges or the shertest path betueen one

For a dis<cu

zgion of terms aad bhasic concepis, See
R., “"Graph The 2l

: Yarary, F. and Xoiman,
or;y as & Mathemnticel Mcdel ia Social Scieace.

Eazgett, P., Locaticnal Auaivsis In Nuiun Geovarashvy, p. 238
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npdr and all the others in the system. The smaller the value of the Kénig
number, the more central the vertex in the network. Shape of the network may
be measured by an index designated asJ{. 1In the eapression S = C/d, C is .
the total mileage of the tranmsportation network and d is the total mileage of
the network's diameter. The diameter of a network is defined as the number

of edges in the shortest path between the most distant vertices. There is some
evidence that the /lindex is both a good measure of the relative economic
‘development status of the unit which the network serves as well as a good
indicator of the economic state of the transport network. Matrix display‘énd
manipulation of data provide other uséful means for analyzing networks in

graph form.

While the application of graph theory to the analysis of networks seems
somewhat mechanistic and stiff, more flexible ideas can be worked into the
models to seek real-world interpretations on a variety cf teéics.
Accessibility in a network might be measured in units that are more meéningful
than mileage for various situations; spread of communications in a social net-
work could be studiéd with oniy a slight modification of terms; flow barriers
that occur when people, goods, or ideas must pass through nodes (bottlenecks
of various sorts ) would also ge amenable to graph theory analysis. Graph
Theory analysis of networks seeus destined to be an even more significant
tool of geographic inquiry, because a network is one form of "a system" and
the formulation of problems in systems analysis is one of the current
orientations of many young gecgraphers. Otiher new technigues such as path
geometyy, circuit geomatry, point set theory, simulation techniques, electric

analogues, and more can be used with the basic ideas of graph theory to

examine many tyses of netwnrk problems.

Haggett, P., Ibid., p. 240
2

For Merve Discussion, Sea: Chorley and lisggett, YModels In Geography, pp. 609-66§.




J. Linkage Analysis - The purpose of linkage analysis ig to achieve

ratioral taxonomy. Given a set of data about the characteristics of a

pOpu]ation{ linkage analysis can be applied to "collapse' the original set
of data into smaller groups of data whose characteristicsbﬁithin each group
are more similar éo each other than they are to data in other gr ips. In
other words, linkage analysis seeks a logical differentiation of « ta. One
;rucial influence on the success or failure 6f linkage analysis is the
effective measurcment of the attributes of the population under scrutiny.

Measuarement scales should be identical for using linkage analysis when

several variables are considered and the measures themselves should be clearly
descriptive of a significant characteristic of the data. The original data
which has one or more characteristics attributed to each observation unit can
be thought of as representing complete detail in description. Linkage analys?s
is the vehicle to group observations according tb likeness of characteristics
values, all the while increasing generélity whilé decreasing the nurber of
observations. Linkage analysis proVides a logical tecﬁnique for accomplishing
this task with a knoun amount of loss in detail as each step towards generality
is taken. VWhen many variables are involved for each observation and a technique
such as fact;f analysis is used to produce composite factors, then the
coaplexity of the analysis tends to obscure the meaning of the generalized
categories that resul! from linkage analysis. It is truve for the application
of all statistical technriquss, especially one such as linkage analysis, that
judicious use of data by researchers vho know the systems they are studying
yields most satisfactory results. Computer preocessing of data, progranmed

for linkage analysis, supplies the researcher with a valuable tool for
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regionalizing an area according to a logical procedure.

et

K. Location Patterns - One of the fundawenta. problems in geography is

to describe and explain the locations of various types of phenomena. The

§ g: description phase of much geographic work involves the construction of dis- :
; - . tribution maps. Basic types of distribution maps are dot maps, volume maps, %
oot choropleth maps, and isoline maps. A dot map assigns a value of the phenomenbn i

to be mapped to one dot, and then the dots are placed on the-map where the data
exist on the actual earth's surface. The groupings and dispersions of the

dots thus portray the spatial distribution of the phenomenon; Volume maps are
- similar to dot maps, e#cept that symbols for the value of the mapped phenomenou
vary in size to represent its different quantities or volumes a:cofding to an
established scale. One of the most common examples 6f this type of map is

that in which the area of a circlé i;‘varied proportional to the value for the
phenomenon at a particular place. The distribution of symbols and their size
— portray the areal patterns in this case. Chbropleth maps sum data by a set of

- areal units, the units are then shaded according to the categories into which

the data are divided. A problem arises in this type of mapping,‘since it

must be assumed (contrary to common knowledge) that the value for the data
[_ is spread evenly throughout the areal unit utilized. The problem thcoretically
- reduces to one of scale, however, because the areal units can be shrunk in

size (increasing the number of units) until a sufficient nuwmber of units is

achieved to adequately portray the spatial distribution of data being studied.

Practically, this procedure is seldom feasible. An isoline map also shows

opm———

variations in the "intensity" of a factor as it varies over space. Fach

isoline is drawn through all the points on tie map that have the same value.

- King states that the old-fashioned linkage-cluster analysis has becn replaced

by principal components-factor analysis. King, L., op. cit., p. 165%.
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The patterns of lines on an isoline map indicate the locations and values

of phenomena shown. An isarithmic map (special type of isoline) further shows

the rate of change in the phenomenon as it varies from place to place.
Analysis of the patterns displayed on all four types of distribution
ﬁéps can be done directly on the maps, or by machine or manual techniques
e from data extracted from the maps. Overlay study of covariant features,
- densitometer scanning of dot maps, profile construction on isoline maps are
examples of the former; while mauy types of arezl statistics might be
extracted from the maps for other forms of analysis of the latter kind.
| The above-mentioned uses of distribution maps are more or less traditiomnal
. lines of geographic inquiry, but new techni§§e3 to pursue the same goals are
- emerging. One of the more interesting new techniques is computer mapping,g
suggested in scetion C. Data stored in appropriate computer format may be
retrieved and analyzed in numerous ways, the results issuing forth in the form
of a computer pgint~0ut map. Another new technique which shows great promise
of eliciting extended types of understandings involves using non-~Euclidean
geometries and measures for the "friction of disténce" other than «imple
1
physical distance. Map transformations, that is inversicn, projection,
topologic stretching, rotation, and others, are further manipulatioans of mapped‘
phenomena that can provide new perspectives in geographic analysis.

Location theorr has been developed puincipally by economic geographers

and ecouomists to help in the scientific description and explanation for

locations. The repert, "“"The Science of CGeography,” of the Earth Sciences
3 o i o

Division N.A.S. - N.R.C. preclaims a hievarchy of Location Theory, basad on
2

a fusion of ideas from ccoaowmic, urban, and transporiation geography.

For wmore detail, see: Cole, J.P. and King, C.AM., op. cit. p. 68-79.
’ & op. Cit., Pi

2

AD BOC Committec on CGeography, The Scicnce of Geogranhy, pp. 45-46.
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; : Spatial structure, functional organization of Spatiél systems, temporal

dynamics of spatial structure and functionsal spatial systems, and normative

models are the major categories of this location study hierarchy. Spatial

- structure comprises the study of location patterns on the earth's surface,

described and analyzed by various branches of mathematics and statistics. é
= {‘ Functional systems in geography concerns linkages and flows, with themes such

- as accessibility, commectivity, dominance, and hierarchy., Temporal dynamics

of course introduces the time elements, Comparative statics, proceés,

. equilibrium (bérrowed from economics) are here imputed with spatial dimensions.

Normative models try to derive efficiency solutions to spatial prdblems. They

seek to discover the optimum ( or minimum) spatial organization in the light of

various contraints.

L. Poisson Distribution - The purpose of the poisson distribution is

to analyze a pattern of points in two-dimensiomnal space.1 One assumption of

zthe model is that the process which generates the point pattern is random.

Thus the criticisam arises that the assumed "independence' of points in a

system is not realistic. The technique can be utilized, however, where the

underlying purpose of the analysis is merely to compare an actual dis-

tribution to a standard, in this case the standard is scmething other thap

a common real-world distribution. The Poisson distribution might bz con-—

- sidered a'probability model, becense in its use, the researcher often asks the
question: 'what is the possibility that an 'event' occurs at a particular

location?" A grid is selected to cover the mapped distribution, and the size

of the grid squarcs and coafiguration of the grid itself become significaant

research operational problems that must be solved. Oace the grid is selected,

1 . .
‘ For morc detail, See: King, L., op.cit., pp. 41-45.
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the procedure is to tabulate the occurrence of points in each grid cell and

then compare this aétual distribution to a theoretical distribution generated
by the Poisson function. Perhaps the most serious criticism of this technidue
is that the model does not in fact describe the point pattern (as for instance

the nearest neighbor statistic does), but rather it merely describes the

possibility of finding points in any given quadrant. Obviously the success of

% . the analysis provided by Poisson distribution depends heavily on the sector

of reality being examined.

M. Probability Maps - One type of probability map has been suggested
1
"

R A R AR ST e e TR
: iy

by Choynowski in an article entitled, 'Maps Based On Prohabilities. Rather
than map the absolute incidence of some phenomenon over space, the technique >
applied in this study compares the probsbility against the actual occurrence

of the phenomenon in order to gain further insight into the geography of

variation of the phenomenon. Such a procedure eliminates non-significant

spatial variation in the phenomenon that can easily be explained by differences

in obviously important other variables. Taking the observed average occurrence
of the phenomenon as a base and then comparing these data with a Poisson dis—
tribution, categories of deviations between actual and probable occurrence

of the phenomenon helps to pinpoint areal variation which are not easily
explained by change, poor sampling, or majdf influence from another dominant  ; :
variable. Thus the probability map refines areal variation in a phenomenon

into "truly significant" variation.

1 . \ s
Choynowski, Mieczyslaw, "lMaps Based on Probavilities,”

op.cit. , pp. 182-183.

in Berry and Marble,
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centers on the fact that in addition to the mathematical requirements that

must be satisfied, there are also spatial requirements which must be satisfied,
to insure valid geographic sampling. The usual types of samples, random,
systematic, and étratified, may also be done with spatial data. For a random
system, samples may be taken from the map by generating map coordinates from
some pre-determined series of random numbers. In effect, this method utilizes
whatever grid system is specified by the coordinate system. A systematic
geographic sample starts from some randomly selected starting location. All
subsequent points {iramwhich data is taken are determined by somevfixed rules
or repetitive procedures. A stratified geographic saméle first subdivides the
study area into zones or strata. Then the sample data is selected from the
zones either randomly, systematically, or in some aligned fashion. Choice of
the sampling system utilized of course depends upon the problem that is under
consideration,

One slight modification of the above examples is the traversc. In a
traverse, a sample of data is extracted from an area along some pre-determined
line or traverse. One must be careful in this type to avoid biases such as
taking the data sample along a road through an area. Land use, for instance,
mighf be significantly different along the road from what it is in other parte
of the region. The traverse lines across an area likewise might be random,
syétematic, and possibly even stratificd. These types all refer to the

methods in which traverse lines are selected.

P. Taxonomy Based on Distance -~ When a group of observations of areal
data is at hand with no apparent classification scheme presented, then the

distances among observations may be used to group the data, 1 This system

See: King, L., op.cit.,pp. 198-204.




R el ’" m ~

"—w.-‘

-53-

is similar in procedure to linkage analysis, since the ultimate step in

classification groupings is to have only one group composed of all observations,

called a "complete linkage tree." A distance matrix is first constructed, in
which observations are placed into the cells of the matrix according to their
relative locations in their actual area occurrence. In a step-wise procedure,
the two nearest observations can be grouped. When this 1s done, the distance
matrix must be changed to reflect the group-of-two observations, all new
distances reckoned from the center of this grouping. The question as to how
many groupings shall constitute an adequate classification is a moot point,
Probably the best that can be said on the subject is that the researcher with
a "feel" for his data must make this decision as it arises with a view toward

his objectives clearly in mind.

Q. Testing Geographic Hypotheses 1. Clearly, geographic hypotheses arc
concerned with explaining the location of phenciiena or in interpreting the
significance of distance for some specific situation. King states that these
tests often relate to parameter values or the differences between parameter
values. The means of two sets of data might be compared, for instance, to
ascertain whether or not the observed mean fit a preconceived statistical
pattern. A level of acceptance for the verification of the hypothesis is
set up so that the researcher will have a yardstick for accepting the sample

mean as close enough to the theoretical mean for an idealized distribution,

-or rejection of the hypothesis if too much deviation between actual and

theoretical obtains.

1
For a brief discussion of this topiec, See: King, L., Ibid., pp. 72-82.
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Another general type of hypothesis testing concerns the supposed
relationship between/among variables. The discovery of functional relationships
among variables is a fundamental procedure in science which aims at the
statistical explanation of & dependent>variab1e in terms of one or more
independent variables. Many new techniques have been adopted to the task
of testing geographic hypothesés, including regression analysis, factor
snalysis, chi square, and others. Successful establishment of functional
relationships after rigorous statistical assumptions have been fulfilled
permits the valid extrapolation of results from the case study examined to
other similar cases. If these assumptions are not fulfilled, the techniques
are still useful for describing the parameters of the dis.ribution that haé
been observed.

Various techniques to describe the "goodness of fit" of data also
qualify as hypothesis-testing techniques. Essentially, these techniques
compare different statistical models with the observed data. The Kolmogorov-
Smirnov test first generates an idealized representation of some form of
statistical distribution. Cumulative percentage of the actual distribution is
compared to the idealized distribution to ascertain the degree of correspondence
between actual and ideal. The underlying idea of this and such tests as
Chi Square is the examination of the null hypothesis, that i3 that there is
no difference between the observed sample and what might be expected from a
given distribution. Many new hypothesis-testing techniques are being

developed in all kinds of geographic studies.

R. Urban and Settlement Models - Urban places are of great interest
in modern geography because they represent a sPecialiicd human organization

of space. Recent trends in urban geography have been directed at the

s o i
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formalization of concepts of urban geographic systems, Garner lists six
premises that are important in the geographic study of urban éystems; 1) tle
spatial distrilution of human activity reflects an ordered adjustment to the
friction of distance, 2) locational decisions are made to minimize the friction
of distance, 3) some locations have better acéessibility than others, 4) human
activities tend to agglomerate to take advantage of economies of scale, 5) the
organization of human activities in space is nhierarchal, and 6) human occupance
is focal in character. '"In this way, movement-minimization, accessibility,
agglomerations and hierarchies are linked together to form a system of human
organization in space."!

Central place theory as innovated by Christaller and expanded upon
by Berry and associates has been the core concept around which much of the
new work in urban systems has centered. Trade areas, arrangement of central
places, the hierarchy among central places, ranges of goods and services, and
interaction among centers are all topics whose main outlines are now well
known but whose functional interpretations demand much more work. The internal
characteristics of cities can also be studied as geogrzphic phenomena, by use
of the full range of spatial tools and concepts. This aspect of urban systems
has not received the treatment it deservas in combarison with the external
characteristics of cities. A new behaviorist anprcach to the study of internal
city spatial organization is now emerging. This idea pleads for a reversal in
the traditional interprectations of citles towards interpretations that are
derived from the urban dweller's perception of bis spatial environment. The

traditional approach propounded interpretations of city phenomena in terms

1 see: Garner, B,, "Models of Urban Geography and Scttlement Location," in

Chorley and llaggett, op.cit,pp. 303-360.
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of eccnomic—social-poiitical geographic concepty which are far removed.from. the

N

: individual human city dweller's realm of existence. Because cities serve one
; ﬁajor funCtion'as‘arhaBitation for man, study and planning for city development

~ ghould be avare of this perspective on urban problems.

§. Variance, Analysis Of - This is a procedure that seeks to discover

Wﬁether or not two or more statistical saﬁples could have come from the same
statigtical popula}:ion..1 The test exémines the variation in the two samﬁles
to see if the variation within the sample is as great as the variation between
the samples., Comparison of within and between variation ylelds a ratio which
pxovides a value of "F." Given the appropriate degrees of freedom and a level
of significance a "table of F" may be consulted to determine whether the "F!
ﬁalpe obtained is high enough to support or reject the hypothesis that the
samples are derived from the same population. This parametric test is
obviously one of wide applicatiou. Any set of ' rmpled statistics that are
normally distributed can be exawined rigorousiy w.ca the analysis of v;riance.

One special application in geographyvmight be the formulation of statlstical

reéionalization categories.

For more information, Sce: Cole and King, op.cit., pp.126-128.
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JI ~ EXTENT

A. Classification and Regionalization - The formation and mapping of
regions has been basic geographic methodology for many years. Field observation
and mapping, choropleth mapping from published statistical sources, and maﬁping
by tracing overlays from other maps have been traditional means for constructing
regions. New techniques have sought rational systematized procedures for
formulating regions. Particular emphasis has been placed on the capability
to group single factor data into a'logical taxonomy and to combine diverse
factors into generalized locational characteristics of areas.

Discriminatory aﬁalysis aims at the allocation of data in a group to one
or another class.% In analysis of variance, for instance, two groups of data
can be tested to ascertain whether or not the variance within the sample group
is greater or lesser than the variance between the samples. If the latter is
true, then the groups are considered to have internal cohesion, thus logical
classification. Regions of the grouped data may then be plotted on a map if
the actual place occurrences of the data are known. There are many different
types of discriminant procedures, basically differentiated by the type of
transformation used to separate data, the rules for determining class
representative points, and the distance function used for mecasurement of the
relative location of the points. King refers to work done by Casetti in
describing thcbuse of discriminatory analysis iftcrations, thusly: they are
useful to evaluate the quality of a classification, they serve to identify

the cores of classifications and regionalizations, and they can be used to

Sce: King, L., op. cit., pp. 204-215,
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‘test the val‘&ity of classifications compared-te classifications of the same

o type of data, separated from the original set of data by space or time. !
Use of the theory of sets in classification and regionalization probleus

'1s'discussed below under the heading of "Venn Diagrams,"

B. - Correspondence Of Isarithmic Maps -~ The purpese of this technique
‘4s to make a comparison between the undulations of statistical surfaces on

? two or more isoline maps.2 Not only is the questibn of area inrestigated,

but also the problem of the area variation in intensity of two or more

[E factors (a three-dimenrional analysis) is investigated by the‘technique.
- Robinson relates the following decisions that must be made when this type
: IE analysis is attempted: "(1) the manner by which the requisite paired data
, ' are to be obtained from the maps; (2) the determination of the sizes of
{'. .

the unit areas for which to obtain the paired data; (3):the-se1ect1en of

the number of pairs to be used in calculating the coeffiéienré of correlatiqp,
and (4) the spatial organization of the areas to be represented by the i
pairs selected." 3 . The technique thus uses linear regression analysis(when

two maps are being compared), seleecting the observations in a regular way

so that the total area of both maps would be represented in the sample.

Robinson in a study of th: correspondence between population density
and rainfall on the Great Plains piots the correlation coefficients on an

overlay of the area to determine the area variation in correspondence between

King, L., Ibid. p. 214

See: Robinson, Arthur H,, “lapping the Correspondence of Isarithwic Maps," in
Berry and Harble, op. eit.. pp. 301- 312.

hbinsch,» Ibid-. pP. 305.
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the two fu-tors. A grid of forty offset large squares in adjacent columns,

e a
PR

: | . each consisting oi sixteen 1,064- squére mile units, was. used as a base to \7fi

gathez and calculate data. Correlation coefficients were calcuiated,by

il
£ Sty
[t |

comparing the data of the sixteen small units and then placing that r

Po—
COY |

value in the center of the largex square. The forty control point r Values f

vere used to construct a isoline map of correspondence by interpolating

A
Nt o b

between control point values. 'Correspondence maps for three different dates

ig were drawn and offered for analysis. The conclusion was that the degree of'

' cdrrespondence displayed on the‘maps could not have occurred by chanca Thus

‘.Robinson believes that the combination of cartographic and linear regression

PR Rt o D e N -

| i analyses offer great potential for comparing isarithmic maps in many kinds

of geographic problems. R

R

~’C5_r General Field Theory Of Spatial Behavior - "The field theory involves

a spatial system that comprises places, the attributes of these places, and
1
t

sisso i s R i

MStructure” and "Behavior" matrices are

Pt EE

flfthe interactions among thiem.
:conééived'esLthé basés‘fotvthis system, the former composed of a reduction
of the nearrihfinitennumbervof place characteristics to a manageable number
of meaningful concepts that describe places, while the latter is composed of
the interactions between pairs of places. Since both types would represent
churacteristics for one time period, process or change with time could be
-includcd by constructing the saoe matrices for additional tiwe periods;
» . Berry describes the basic postulates of the field theory in the following
way: "1.(a) Dyadic spatial behavior is a function of the ways in which the
fundamental spatial pattetns charactotizeoplacns} (b) changes in spatizal

behavior result fron changes in the’charqcter of places as spatial processes

e ———— - LYTEE e LI . D s MR, W

1 FBerry; Brien J.L., "A Synthesis of Formal and Functfonal Kegions Usiug a
General Field Theory of Spatial Behovior," in Berry and ‘larble, op.cit.p. 419,
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fuh‘their course. 2.(a)»The characteristics of any place arevlargély dependént
upon ts relationships with other places. (b) Chéngeslin spatial‘interactions\
give rise to changes in the character of places," 1 Berry then continues\in
the referenced article to describe the mathematics of such an.analysis.

The field theory technique as Bérry envisions it seems particularly
sensitive to thebcollection‘of relevant data. Not only are largé quantities of
hard data needed for many places, but also the concepts that give meaning to the
data must be unusually perceptive about the particular place being studied if
significant results are to emerge. Given the quantity and quality of data, the
field theory techniyue still appears to offer only a mechanistic, unrealistic
analysis of real-world complex spatial systems. The term "spatial behavior"
seens especially inapp;opriate in referring to the interaction between places
because this idea connotes "choices," whereas the proposed model only considers

determined attributes of the places in question.

D. Geographic Data Matrix - This analytical technique is proposed by
Berry as an attempt to systematize and synthesize the major geographic approaches,
regional and topi;al.z The idea is to array data into columns and rows, the
columns tepresenting places, and the rows representing characteristics of
those places. Abceil. the intervsecticn of a row and a column,is a ggogtaphic

fact because it is a bit'of information aésigned to a specific place. A

 Column is & regional study because it describes many'characteristics about one

place; a row is a topical study because it describes the variation in one

1 Berry, Ibtd., p. 420.

2 Berry, Brian J. L., “Approaches to kegional Analysis: A Syuthesis, " in !erty
. and Harble. Ibid., pp. 24-34.
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factor as it differs from place to placé. Several matrices can be coné;iuétgﬁlkﬁl*yr,
for different hisﬁorical periods to a&d’the time dimensidn. All sorts of :
combina.ions of rows, columns, and time periods can be pbrmufated to sﬁudy
problems at different scales and at different notchés along the regional-
topical coatinuum. | | |
The Geographic Data Matrix becomes an intriguing Zdea when associated
with computer technology. One can imagine2 huge mass of data about an entire
country stored in the memory of an electronic computer. A researcher need
only ask thke machine for a given topic, area, or combination analysis and
virtually instantly receive a printed map of the results. Or possibly the

i

stored data could be recalled onto a cathode ray tube for maaipulation by

introducing changes into the matrix that has been in spatial equilibrium.
All that these possibilities must await are computer storage facilities
large enbugh to handle thie size load, and collection capabilities to gather

the large scale amount of information.

1 ,
E. Geometric Interpretations - The "Washington School" of geographers

believes that geography can be methodologically described as applied geometry.

scientific, to provide it with underpinnings for a conceptually significant
discipline. The truth in this view of the field comes from the fact that
most geographic problems concern the portrayal and intcrpreﬁation of the
spatial dimensiuns-o{ phcnohena. Taken literully. however, the applied
geometry approach servcs‘only to describe what might be called the structﬁre

of spatial systems. It is cvident that this type of analysis must include

- - T e e - e

l see: colﬁ‘. ‘Jopn and Ki“s- .C.t\.&!. "Q.P.'.(l“.g‘. PP 69-971
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concepts .and understandings beyond geometric form in ordet to.attain realistic
interpretation of real-world problems. Likewise, it is rlear that geometries
that are iﬁfused with valid real—wofld analog-type definitions can be ex-
ceedingly importent in geographic analysis.

Because most of us have Leen taught to think only in terms of Euclidean
plane geometry, the idea of different coﬂceptions of space seems foreign. A
corollary of this for geographers is that we have become accustomed to map
oriantation iﬁ which north upward is the "normal" position for viewing a
map. The New Mathematics has now come along to show that there are other
valid mathematical concepts that can be applied to scientific endeavors to
obtain new perspectives on old spatia} problems. Affine and projective
geometries are of only marginal interest to geographers, although the latter
has some 1mportanc§ in remote sensing imagery and in map projection work.
Topoldgy is a field of mathematics that concerns surficial relationships
and thus has direct relevance for geogfaphic studies. |

Topoloéy differs from Ecclidean‘geometry in that it treats the basic
problems of order and contiguity, rather than such concepts as distance,
orientation, and straightness.1' On a map of cities served by an airline,
th§ sequence of cities along the route is more important to show than the
exact mileage among them. For a study‘of the spread of a diseése. contiguity

of observation units would perhaps be more significant than the size, distance,

-or orientation of the units. In both of these cases, topology might be used

ﬁroductively in place of Euclidean gcometry; for problems in which scale

and shape concepts are essential, then Euclidean geometry provides the

3
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Cole and King, Ibid., p. 85.
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appropriatevtools. Another property of topolog& tha. proves useful is ite
"gtretchability."” This means that in preserving order, the shﬁpes-of a
region could be deformed without loss of sequence of cities, or any other
point information. Deformatioﬁ of the tw0mdiﬁensional figure is known as a
transformation.

The terminology of topology also lends itself to geographic application,
even though it is not entirely standardized among writers on topology.1
Nodes (vertices), arcs(edges), and regions(faces) have their counterparts in
Euclidean geometry as points, lines, and surfaces. Whatever the specific
terminology, the connotation of zero, one, and two-dimensional figures in
« two-dimensional space is clear. These figures supply concepts for the
analysis of networks, nodal and homogeneous regions, and sets which combine
nodes, arcs, and regions. There also exists a three-dimensional topology

with its own terminology and conce :ts.

F. New Mathematics - The new mathematics has created a body of ideas
that permits us to manipulate and interpret data in novel ways.2 Two of the
new concepts are Boolean algebra and set thebry. Boolean algebra has only

two constants, 1 and 0 and three basic operations, inversions, end, or.

Inversion is performed vhen one constant becomes equal to another constaut.
For examﬁle,'T.(not one) = 0. The and operation connects two or more
constants or varisbles; the ansver is 1 only if both constants are 1. or
also connectsAtwo or more constants or variatles and the results equal 1

if either or both constants are 1. Boolean algebra has direct application

to the operatibug of electrical circuits and therufore to digital computer

! Cole and King, Ibid., p. 87.

For a discuzsfon of new Matherstical concepts uscful in Ceography
See: Cole and Xing, lbid., pp. 25-97, :
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operations.

Set theory concerns the manipulations of groupings of data. Sets
creiaétermined by the presence or absence of some significant chatacteristic(s)v
of the phenomenon under study. Terminology used is as follows: a universal
set is one composed of all the observed unité with the characteristic in
common; an element is one observation unit with the appropriate characteristic,
and this defines membership in a set; a null set is one with no membership;
ogﬁal sets are those in which the elements are equal; a subset is a set
compdsed of elements with similar characteristics to each other but different
from the characteristics of other elements in the universal set, but at the
same time, all subsets wust have some characteristic in common to be grouped
together as a universal set. Operational characteristics of sets are:

complement of a set is all elements of a universal set that are not included

in & given subset; unlon of sets is a combination of all members of two or

more sets; futersection of scts is the common hembership between to or more
sets; disjoint sets are those which have no membership>in common; & one-
one correspondence is a correspcndence in which each member of a set has an
exact correspondence with a wember in anothe; set.

It is fairly obvious that set theory formalizes wany ideas used 1n-
geography for wany years ir the construction of regions. The benefit to
the disétplinq is thus not one_of'ipnovntion. but rather 1§ is one of
wmore rigorous ;hinking abou;.gho same problehn we have wrestled with before.
More about set theory's vituaIAfeprcaentations will be discussed in the

section on Venn diagrams.

G. lsotropic Plain - An fsotropic plain is “...elemeatary, abstract,

geogréphical séacg that has no difference from place torplace cr in one
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direction to another; that is, not only are places the same, but movement

effort is the same in all directions from every place."” 1 This abstra;tion'

ey

is made so that attention can focus on the interrelationships of the

significant variables being examined. In other words, the isotropic plaia

Bortid bt
PO

is the attempt to hold all non-essential varisbles equal. Nystuen provides
; i the example of a teacher and students in a building with no furniture, the
Y flat polished tile.floor representing an 1;otropic plain. The functionr

of teacher, students,'and the varieoles involved with the transmissionrlnd
reception of words determine how the students will arrange themselves
around the teacher. Chaifs, pillars, glare from the floor aﬁd other

-

. factors would all tend to distort this idealized teacher-students spatial

- pattern. However, these factors are only of secondary importance, and the

i owe

isotropic plain assumption simplifies the analysis and isolates the

significant variables of voice and hearing ranges. The isotropic plain

;
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concept 1is useful for a great many problems in geography, espécially those

A

waich involve movement over space.

" R, Map Trdnsformationsz - Map traacsfoimations change the size,
shape, or orientation of a mapped phenomenon in order to emphasize a feature,
or to shov a "true" representation cf the spatial dirension of the phenomenon.
The tranaformation is done strictly accofding to the rules of the trans-
formation system selected, and thus some map profertias nay be 1ﬁtentionally
Qiltorted systematically, in order to‘create properties tihat demonstrate

a particular interpretation. This idea h@s'recently Jained siguificbnc

Rystuen, J., “ideatification of Somo Fundamental Spatial Concepts,” in
Berry and Marvle, op.cit., p. 37.

2 See: Cole and King, og.cit;.-pp, 75~85.
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status in geography because modern research has shown, that valid geographic

"'p;? intdrﬁtetatioha involve not.only concepts about physical space, but also

concepts about abstract space dimensions. For instance, most geographers

~\}hr§”£dm111ar with William Warntz's work on the population space potential

of the United States and other areas. His maps attempt. to show the area

vqriation of the statistical surface of aggregate accessibility to population.

Thé idea he propounds in this work is that & common map of population density -

(based on Euclidean concepts) does not truly convey the cultural-economic

~effects of large agglomerations of population. His technique for generating

population space potential surfaces thus transforms the Euclidean point
déqsity surface into a surface that considers aggregation. The "market
view" of the United States is a well-known map thatbdistorts the actual
physical size (again accdrding to Euclidean concepts) of the states into
sizes p;oportiona; tr the economic buying power of the inhabitants of the
states. The resuly is to shrivel up the south, Great Plains, and.zountain
states and to expand the size of midwesteru-end northeastern states. The
visual imprezsion of such a map shows the states according to their "true"

economic spatial dimension.

aumefoué other types of map transformations can be made, ranging from

" & simple rotation of the map so that a direction other than north is tc¢ the

top of the map to the utilization of unusual mathematical systems, Rotation

and relflexion (showing the mirror immage) are simple procedures for

presenting the map of a place in a way that is different from the usual

| orientation of the, map. The basic idea of the transformation is that a new

“ jornpactivi on the arca night suggest relationships that are not clearly
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Or readily seen from the usual orientation. Topological ahd some other

geometric transformations have been briefly discussed above in section E.

Again, the purposé of these transformations is the portrayal‘of a special
interpretation of a map which mighﬁ be obscured by its Euclidean representation.
The possibility of novel map interpretations by either new mathematical o
techniques or new definitions of familiar concepts and variables bodes a

. ' whole field of geographic methodology that has only recently been recognized.

Maps have often been called geographers' models of space.1 Maps used

as analytical tools rather than used as mere graphical displays have the

character of an analog experiment through the device of carﬁographic symbols.

Spatial variables, sometimes in combination with temporal variables, can be
measured, maiipulated, and the results presented on maps with the aid of
computer or traditionsl methodology. A spatial diffusion problem could be
presented on a series of maps; the growth of population in a state traced

through a cartogréphic series; or projections about the possible spatial

[
d
i
i
i
IS
i

distribution of phenomena given various sets of constraints might be all
analyzed by cartographic - computer systems. A "real-time", or condensed/
expanded time spatial model of a variable such as traffic flows can be
analyzed or be used as a teaching instrument by an electric analog system
which combines cartographic and computer techniques. A series of maps based
on a step-wise regression analysis plus the mapped residuals from regression
is an examﬁle of an iterative solution to a spatial problem. This latter
technique seems to hold much prumise as a statistical-cartographic

| procedure that effectively utilizes both analytical approaches. Abstract

——— —— — -

- ! For a full discussion of the topic,See: Board, C., "Maps as Models,"
in Chorley and Haggett, op.cit., pp. 671-725.
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I. Quantitative Definition Of Regions - David Grigg in his study entitled,

o —
[ -

‘“Regions, Models and Classes," delimits the following necessities for good

.regional classifications: 1 first that the objective of the regionoslization

-

scheme be as simple as possible. A single factor region is conceptually

and methodologically easier to work with and to interpret than a multi-

R |

factor region. His second point indicates that differences in Kind should

]

Lz e

be relegated to different classification systems. This rule has some

important implications that might be glossed over because the main argument

M
FR

is so cbvious. The significant idea here is that subtle but generic

A RN e 3

differences in what might appear to be a homogeneous category of things must

L

be considered if the classification system is to te meaningful. A third

{é point is that classificationms, like all scientifi~ knowledge, should be

] - periodically subjected to critical scrutiny anew when additional information
about the subject of the classification becomes available.

= Fourth, regional classifications should be differentiated by the

% - ‘differences in properties of the objects that fit into the classification.

The pupose of this rule is *o insure that soue inherent and concrete

characteristic be differentiated rather than some peripheral and nebulous

one, Fifth, that classes should be erhaustive and mutually exclusive. To

g 2

~ elirate eny pertinent cata or to create overlapping categories is to render

the classification system wciontifically unsound. Sixth, the criteria or

g -

Grigg, David, "Repions, Models and Classes," fn Chorley and Haggett, lbid.,
pp. 461-509.
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principle upon which regional divisions are made must be held constant

throughout the whole classificatoxy process.
Seventh, the principle of division and the differentiating chracteridtievw_f¢ J‘

must be significant in the context of the phenomenon being studied. Lécking

thic, the classification scheme is frivolous. The last rule is that 1% thé

classification is to have several orders of magnitude, then the data properties :

being differentiated should have higher talues in the higher categories.

1f all of these basic rules of classification are folluwed, then the regional

systems that geographers devise will be more meaningful and more scientificaily

valid.

J. Regions As Models - Regions are tools of spatial analysis that
geographers have utilized for many years.l Regions are of two types, formal
(nodal) and homogeneous, although the latter is thc more general type and
the former can almost be thought of as a special case of the latter. The
common definition of a region states that a region is an area of any size,
homogeneous in terms of specified criteria. The formulation and mapping of
regions thus becomes a sort of a geographic classification of space. In
one sense, regions are geographers' models of a type of spatial system. As
an abstraction of reality (specified criteria), regions are in effect
simplified descriptions of the re#l world. If the variables in a regional
classification enable the researcher to understand the operations of the
spatial system under study, then the rcgional scheme can be called a model

of a segment of the real world.

- — -

Sce Discussion In: Chorley and/naggett. Ibid., pp. 494-500.
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In a similar way, regions that are based on one or several related
varisables éymbolically isolate these variables from others which may be
lbqociated with the original set in place but not functionally related. The

region, an 1soﬁorphism of a segment of reality, specifies functional interre-

‘lationships of its parts, and therefore its growth and expansion may be traced

from the past, through the present, and into the future. This procedure
introduces the possible dynamic analysis of regional systems. In the past,
this dynamic anélysis was only accomplished through a system that might best be
described as comparative statics, because regional change was studied by re-
creating various static cross-sections of time in the regional framework. New

techniques permit a truly dyramic regional analysis because the variables

can be treated as ongoing factors. The device of utilizing isomorphisms to

study the real world is common practice in physical science, but it has only

recently been widely accepted for use in social sciences. There is

greater difficulty in the social sciences, because the one to one relation-

ship between the real world variables and their analog counterparts is
difficult to establish. Actually, this general type analog study has been
fairly common pfactice in geography as often the reseccrcher would study one
area and extrapolates results to other similar areas. However, much of thisk
type work ignored the formal requirements of isemorphism techniques and hence
sometimes naive conclu#ions resulted.

A slightly different conception of the region as a model mipht be its
usé under controlled situations. 1n this use, thé region sgain specifies
certain variables as critical to the understanding of the actual sveter under

study and sbeciriss that other variables in the actua) system be hald constant,
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This procedure is important, because in the simpiification of fhe expefiment;' j

the researcher has better opportunity of comprehending the basic operatidns

of even complex systems. When the simplest regional systéms ate ﬁnderatdod,

then the controlled constants may be introduced. at will to clearly ascegtaih“ A

their effects on the workings bf the regions.“

Another basic methnd of science, analysis, is also a task for which
regionalization is well suited. Perhaps many interrelated vari;bles in a
system are quite well known. In order to better understaﬁd this complex.
real spatial system, the system might be more easily studied by breaking the
component parts out into single factrr regions. These single factor regions
can lead to insights that might be missed from trying to see the entire cbmplex
picture at once.  Conversely, some insights are better displayed through
examination of whole systems. The important idea here is that the regional
methodology of model building is flexible enough to permit all sorts of
approaches for the study of spatial systems. This is the strongest

rationale for espousing the use of regionalization as a model-oriented

methodology in geography.

K. Residuals From Regression, Maps ! - The residuals from regression
analysis provide excellent data for analytical mapping and interpretation.
Regression analysis statistically explains the areal variation in one
phenomenon in terms of the areal variation in one or more other factors.

As described in scelion I-F above, the residuals from regression analysis

S Tre m&»awmﬁ'i?‘
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! Sect  Husgett, P., Locational Analysis in Human Geography, pp. 278-280,

298-299,
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represent the variation in the dependent variable which remains unexplained
After account has been taken of ;he included independent variables. The well-
trained geographer is often aware of major factors which might influence the
spatial variation of a dependent variable he is ﬁrying to explain. Regression
analysisncan be employed with the suspected independent variables in order to

ascertain the euplenatory strength of these variables. Once this has been

- accomplished, assuming the usual case that less than 100% of the variation

has been explained, then the focus of furthur investigation can center on
the residuals,

The residuals are useful for tﬁe discovery of independent variables
that may not have been considered at the outset of the research project.

Analysis of the residuals is facilitated by the regression analysis because

- the results of regression specify magnitude and sign (whether a positive or

negative residual) for each individual observation. TFor the geographer, this
information can then be categorized and mapped for spatial analysis. The
patterns of residuals on a map sometimes suggest the underlying causative
factors that have influenced such a pattéfn. Hence the mapped residuals help
the geogirapher probe deeper into the irdependent variables which influence

the'spatial variation of his dependent variable,

L. Robinsun's Solution - Robinson's procedure was developed to provide
geographers with a teclinique so that arcal data could be used logically in
, 1 :
such statistical techniques as regression analysis. Arcal enumeration

districts fu: census type materlal ave often counttos or soie comprralile unft

See Discussion In: Thomas, Bdwin_aﬁd Anderson, David, "Additional Comrrats
on Weighting Values in Correlation Analyuls of Avcad Date," in Berry ound
Matble, 92.!!!;.’ ppt 631'41'6. :
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that might vary widely according to size. Thus the magnitude of any
geographic observation unit (county for instance) can be affecﬁed by the

size of the unit. One way to handle the problem is to include sizz of the
areal units as one of the independent variables in A multipie regression
problem. Robinson's selution to the unequal areal unit problem is to include
area size into the formulas for computing the regression parameters, &, b,

and r. Whereas a sample of the exact same spatial distribution in three

areas that had different size subdivision all yielded different regression

parameters when unmodified areal data were plugged into the regression

PR

— Ay

formula, the same parameters resulted from the three cases when areal
weighting was employed.

- Thomas and Anderson claim that the Robinson solution is spezial in

£

nature and not a general solution to the problem of weighfing areal data.
They state that the only two cases in which Robinson's solution is adequéte
are: 1) the case in which the changed size areal units(aggregated) have
exactly equal density point functions, and 2) the case in which the ratios

of changed size areal units' density functions are constant. For their
solution, Thomas and Anderson distinguish among sanmple (small collection from
a larger group), pgnglg}}én ( a larger body of data from which samples are
taken and whose parameters we try to deteriine in statistical inference), and
univervae ( which is a population plus all the same type of events which might
have happencd).  Given this data level differcatiation, then areal data may
be regavded as rondonm sarples, to which infercntial tests of significance can
be applicd to deternine vhether or net the sarples hévc fndecd come from the

rane theoretfcol universe, Comparison of regression poavarmcters of the different
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size enumeration districts solutions then can be used to determine wﬁether
“ or not areal size does affect the correlation coefficients obtaiued.

The Thomas and Ar lerson solution is cumbersome, inconclusive, and only
péints to the need for further study of the subject. Perheps the easiest
solution was advanced above, that is to include size of enumeration district
as one of the 1ndependept variables, In many studies»up to the present time,
the variation in size of the districts has not made a significant difference

in statistical results of regression analysis.

M. Statistical Inference - Statistical inference concerns the
estimation of population parameters from experiments on samples of the data
and the testing of a whole "family“ of a type of statistical hypothesis.

Many subjects of geograpbic‘research interest are comprised of so much data
that it is not economically feasible, or methodologically necessary to collect
all of the data in order to understand the problem thaé the data describes. If
a scientific sample of data is taken, then the sample is considered to be
"représentative" of the larger popul.tion of which it is a part. When this
situation ié satisfied; nany types of interpolation and extrapolation of
observed data may be made with a variety 6! statistical procedures. Thus

" more information is derived from the data then would be the case if purely
descriptive techniques-were'used to analyze a set of data. Hypothesis testing
usually takes the form of examining a given data sample by comparing it to some
model distribution. Chi Square, the "t" Distribution, and fhc "F" Distribution

are all standards for testing variocus properties of sample distvibutions,

Future uscs of inferential statistics in geography unight include such approaches

- e A By N _— WG R AT O — - — con - B

1 See: King L. op.cit., pp. 60-86.
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as nonparametric techniques of statistical inference, rank order statisfiés,
and statistics based on subjective probability. ) | |

N. Trend Surface Analysis - Sometimes referred to as Regidﬁai[an&
Local Components Analysis, Trend Surface technique seeks to separate the
"signal" (true process-response) from the "noise," (chance océurrence)‘r
factors in mapped information. Chorley and Haggett state tha. Trend
Surface Analysis is a logical extension of Regression Analysis to two
dimensions and is derived from information theory. A map of some type of
geographical surface portrays information which must be learned through
interpretation of the data shown. Typically, it is point data that
generates the information for the mapping of a continuous surface, which is
often represented by a pattern of isarithims. " . . . and the most obvious
manner to treat them (isarithmic surface maps) is to attempt to disentangle
the smooth, broader regional patterns cof variation from the non-systematic,
local, and chance variations, and then to ascribe mechanisms or causes to
the different components."2

Techniques to derive a trend surface from an isarithmic map vary from
grid genéralization to the usc of regression analysis. Crid generalizatioﬁ
is wostly a watter of scale, beccause it can be accoxplished by avofaglng
a series of control points to derive a wore guicral set for draving the
isarithms, 7The trend surface in this case deponds heavily upoa the nombar
of original contrel points that ave greuped; bocause of tils more or
less subjootive compoucut, this approach could be terred a seledtive wethed,
More objective in nature is the use of rggvcésion analysis to pernit the

orfgins) control point data to contrjbute its effcet on the whole surface

L T T T T I .. Y O AT TR S S "y Y 2 .- Y Ve

1 ,
Chorley, R.J. and Hargett, Bo, "Trood=Surface Mapping in Geographical
Rescareh,”  dn Berey and ¥oeble, op. elt, pp. 195-217,

2

Chorley amd Wopeott, Ihid., p. 196,
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rather than to affect only its immediate locale. The results of both methods
; is a breakdown of the. surface into two parts, the regional trends’ and the

'~ local residuals. There are many possible techniques iu both the ' selective

",kend objective methods of deriving trend surface data.

Trend Surface Analysis yields both descriptive and interpretative
information. In the descriptive 1ine, Trend Surface Analysia points to the
morphology of the surfaee being studied, so that underlying causative feetors
that have'perhaps been vasuspected might now emerge es significaht factors in
explaining the variation in the original surface. The analysis can also add
input on the accuracy of the original data. As for interpretation, the further
designation of the regional trend into other consideratiens such as the wmajor
trend, discrete trend, or interlocking trend. These interpretations have not
beenivigorously pursued in geography. An item of interpretation that has
received censiderable attention is the ahelysis of the residuals from Trend
Surfece Analysis. Tﬁese»of course are comparable in meaning and utilizatior

to the residuals from regrezsion analysis.

0. Venn Diegrams - For geographic applications, Vemn Diagrars can be
vonsidered as diagrams of spatial sets. As such, they are merely a new way
to look at the traditional geographic tool, the region.l Again, the .oncepts

of set theory and Vemn Diagra&sbere mostly a formalization of older concepts in

‘the utilization of the regional methed, whieh._unfortunately. has been pursucd

with, only a hapharard applicacion and adherence tnffundameﬁtal concepts. " In :

this formalization trend, the transformation of ;eegrxphy tato & ccientific

1 Cole and King, _2 cit., pp. 30-63.
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discipline is served beéause it requires researchers to think and act with
more precision. |

Venn Diagrans put the spatial dimension into set theory. They shiow the
arca extant of such concepts as the universal set, subset, éomplement, union,
intersection, and disjoint scts, all of which have their counterparts in the
conceptualization of the regional method (that is the construction, anslysis,
and interpretation of regions). The universal set is analogous to the entire
area to be regionalized; a subset to a pa:ticular hotiogeneous or nodal region
within the larger region; thé complement to all areas of the larger region
cutside of the specified regional system; union to the covariation of regional
systems; intersectior to the combination of single factor regions into a new
system in which the covariation of single factor regions becomes a multiple

factor region; disjoint set to the complete independence of two or wore

regional systems. It is fairly obvious from the above that wide avecnues are

opened up to the geographer who wishes to make more explicit analogies

between set theory and the regional method. Doubtless, many frultful new
perspectives can be gained from a wedding of the largely unorganized techniques
of the regicnal wethod ard the rore formalizad procedures that set theory

and Venn Diagrams ofier.
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‘2 "§16&9‘6£ pépplg, commodities, or ideas over space is a topic that has

\ \\ﬁ‘éﬁgtgeé5tééent1y as a focus for much research work in geography, as a response
’fﬁftifnéﬁ~;echniques ﬁhich permit an adequate investigation of this topic .
: ‘Piéﬁiogsly the common means for this type of map portrayal was either an arrow

:indicaging direction and size of a flow, or the comparative static technique

whereby the same factor was shown in its spatial distribution for two or more
time periods. = New quantitative methods are now available that put more
realism and more analytical power into the analysis of spatial flows. Some

of the more .mportant techniques are discussed below,

A. Analog Models - Analog models can be applied to many different types

. of problems in geography. The basis of discussion of this topic here is that
some significant new developments in flow studies have made use of analogs.

The analog technique involves the construction of a model in which the real

world variables are transiormed into analogous and more familiar, simpler, or
: 1
easier to manipulate terms. = In essence, the technique tries to examine a

real situation by comparing it to a situation which is more readily understood

:lnd which has essential characteristics that are similar to the real situation.

Herein lies the crux of the adequacy of analog models: namely, the degree to

~which real world characteristics can be imputed to an “"artificial’ representation

of reality.
Chorléy lists four basic types cf malog models, Abstraction, Mathem. tical

node1§,>Exper1mental modele, and Natural wodels. Newton's medel of gravitation

Chorley, k.Ja, “"Geography and Analog Theory," in Berry and illarble, op.cit.,
pp. 42-52,
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is an example of Abstraction. This type requires a simplification of reai
world variables to the point where all minor variables and huge quantities

of real world data must be discarded in order to arrive at the underlying
fundamental relationships of the system being studied. Incisive iﬁsight

by the investigator is a prime requisite for Abstraction analog model building;
this fact has obviously limited successful attempts in fhis direétion.
Mathematical models start with the langﬁage transformation of words in a
simplified model into mathematical symbols. Concepts are then built into

the model to produce a mathematical system of one or mo.= equations which
specify the relationships of variables and constants withia the system. The
mathematical model can be deterministic or stochastic. The former is based

on the mathematical notion of direct cause-effect relationships, while the
latter are based on probabilities rather than on mathematicél certainty.

Again the success of these models depends directly on the relevence and
comprehensiveness of the mathematical symbols in repliéating the real world.

In this regard, it should be kept clearly in mind that mathematics is

mgrely a system of logic; meaning and interpretation of mathematical procedures
and results must come from the scientist.

Experimental models may be divided into scale models and analog models.
Scale models in some way try to imitate the real world situation to which they
refer as closely as possible. A wind tunnel, or a stream table are examples
of this type. The wind tunnel recreates the parameters of atmospheric
conditions on a greatly reduced scalc so that the affect of certain changes
in these variables on certain objects may be observed. The stream table

uses the same basic materials as its rcal world counterpart, running water

- B s
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and earth mantle, in order to recreate in condensed time the actions of the

causative variables and the effects (miniaturized landforms) that result from

the interaction of these variables. The attempt to define variables of human

behavior by analoge of physical world systems has recently received much
attention. One of the more interesting analogs for spatial flow problems is

the attempt to study transportation flows by the use of electrical circuits

. and the flow of electricity throughout the circuit. In this analog, electrical

voltage is likened to complementarity, electrical wires to routes, length of
wires to the friction of distance, resistors to bottlenecks, and so fortn.
Given a certain introduction of voltage into the system, the flow of electricity
proceeds around the circuit until an equilibrium in space is reached between
the factors which generate the flow and the factors that inhibit flow. New
sources of current can then be introduced to ascertajn its effect on the
overall flow of the whole network. The one to nne analog with the real
world transportation system made, the electrical model can alert a researcher-
planner about the possible effects of change in the variables on the overall
flow equilibrium of the transportation network.

Natural models are used when a system under observation is thought to
have an easier explored historical approach in that the process at work in
the observed system repeats itself at other times or at other places, or both.
For instance, a researcher might think that he can understand the growth of
ceﬁtral places in the midwest by direct reference to the growth of central
places that has occurred in a similar environment in upstate New York at a

previous time périod. Much "random noisc" is generated in this type of

analogous reasoning and it should only be used with utmost. caution. Another
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form of model is to try to stud& a human system by reference to a physical =

system. An example of this type'is the study of human migration by analysis = ..

of the mixing of two liquids of different densities. A slight variation-of

this latter analog modelitype might be the study of the historical éﬁo;ution ‘

of urban manufacturing region characteristics by use of an analogy to biologié o

growth of youth, maturity, and old age. The most infamous use of the biologic
analogy was the Nazi german geopolitik interpretation of international

relations,

B. Gravity and Space Potential Models - The Gravity and Space Potential
models measuré the possible interaction of complementary masses over a cost-
incurring, time-consuming, and energy-absorbing distance.1 Thus many of the
core concepts of geography are included in this family of models. Distance
in the basic model is treated as a major hindrance to the movement of people,
commodities, and ideas. Since cost, defined in a broad sense to include the
expenditure of resources of all kinds, is cumulatively incurred for each unit
of distance over which things are transported, there is a general and regular
decrease in the movement of people, commodities, or ideas as distance from their
source increases. Thus relationships of decreasing intensity of human activity
with increases in distance has been observed in traffic flows, tzlephone calls,
news items in newspapers, prices of agricultural commodities, the spread of
innovations, pairing of marriage partners, population migrations, shopping
center drawing power, the geographical distribution of the residgnces of

students attending "national universities,” rural rents, and in many other

types of human relationships,

1 gee: Carrothers, G. A. P., "An Historical Review of the Gravity and

Potent{al Concepts of Human Iunteraction."
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'<The gravity-space potential concepts were formalized in mathematical

terms in several works by John Q. Stewart and George Zipf. 1 In keeping

* with the physical analogy from which the idea of space potential was derived,

concepts of "Force," "Energy," and "Potential" of human interactance were
reduced to mathematical symbols. Force of interaction, interpreted as the
attraction exerted by two masses for each other, is written as:

P
F =K _%_"3_

where K is a constant corresponding to the gravitational constant; P1 and Pj are

two "social masses:" and dzij is the square of the distance between the two masses.

The force of attraction sets up an energy for interaction between the masses,

expressed as: E=K Pi Py where Pi and Pj again represent two social
dij

masses with a mutual attraction; K is another constant factor; and dij is the

distance between the masses (note that is siiple distance, raised only to the

first power.) This latter formulation of the gravity concept has been tested

by a number of scholars in different disciplines to examine actual relationships

of social interaction. A summation of the energy among all the masses in a

given region yields the population space potential, interpreted as the total

possibility for interaction at any point, and written: 1Vj = K$. ej_)where

the sjmbols have similar meanings as the previous formulations. The major
difference in this model is that the concept of population potential

specifies that the total possibility for interaction at a point is determined

1 Stewart, J. Q., "Concerning Social Physics," "Demographic Gravitation: Evidence
and Applications.", "The Development of Social Physics," "A Basis for Social
Physics." and 2ipf, George, "The PyP,/D Hypothcsis: On The Intercity Movement
of Persons,” and "The Hypothesis of the 'Minimum Equation' as a Unifying
Social Principle: with Attempted Synthesis."




B .

‘map presentation and analysis that the technique permits. The model is

g3

by the iﬁterrelationship of all such masses in a :egion.
The flew concept inherent in space potential analysis can be utilized
to study problems in transportation and other types of movement over space. .

An example of what can be done with the model appears in a brief study in

Appendix A to this report. Especially significant for ggographers is the ;*  

general in nature and applies to many types of human interaction. Because
it comprises the ideas of complementarity of masses, location and density
of the masses, and the effect of distance on movement of the masses, the

gravity-space potential model is "hard core" geography.

C. Spatial Efficiency - Notions about the minimum distance path in
a network of nodes and transportation lines is a general problem involving

movement over constrained space. Described variously as "The Transportation

Problem," or "The Traveling Salesman Problem," or others, the concept»of
spatial efficiency has attracted the attention of many scholars, ! The
problem has many important implications in the attempts of man to organize
his spatial activities in an "efficient" manner. Efficiency is a concept
that must be defined by a society in terms of its principles and goals,

Once the definition of efficiency is defined, then the model can be selected
which minimizes distance, specifies order for travel through a system of
nodes, maximizes .umber of nodes visited, or whatever other objective is
desired.

One aspect of spatial order that has not been well examined is the

idea of a "spatial equilibrium.” If ¢ region can be said to have achieved

Haggett, P., Locational Analvsis In Human Geography, pp. 66-73.
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spatial efficiency, then, according to the condition of the variables, the

"tegion at that time, it can be said to be in spatial equilibrium. As in

economics where the concept is commonly used, the state of equilibrium can

- be regarded as a theoretical state. The purpose of hypothesizing such a

condition is to focus on the valueg of the variables (and locations in

geography) that must be attained to achieve equilibrium, the effect on the

system of disequilibrating factors, higher level equilibria, and related

‘concepts. All of these lines of inquiry appear to be significant for the study

of spatial systems analysis.

Another type of spatial equilibrium analysis uses linear programming
techniques. The problem in this analysis consist of minimizing some weight/
distance function in a system where several sources of supply and markets
are combined into an interrelated pattern of commodity flows. Efficiency in
this context means that all demand must be satisfied from the sources of
supply that can satisfy demand with the least cost. All sorts of &ariables
might be included in the analysis, such as differing tranqurtation rates,
differing qualities of materials, time factors within which demand must be
met, the effects of price competition and many others, While the technique
has been known for some time, not many of the theoretical aspects of the
analysis have been developed. This linear programming-spatial efficiency
would seem to have many applications to prublems of the underdeveloped.
countries where the economic sysfem needs to be develored at the same time

that scarce resources must be conserved.

v, SUCCESSION
The idea of spatial succession adds the time dimension to geographic

analysis. In traditional methodology, the time variasble was most often

dew v et e e
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portrayed by the use of historic cross-section analysia;. ‘That is, the status o

of some spatial system would be caréfﬁll& displayed for a particular dat!;
Successive analyses of the same spatial sysﬁqn for different dates tﬁus
demonstrated the growth, decline, stagnation, or other spatial change in

the system that might ﬁave occurred during the time span.'vAs mentioned
above in section III, this_ approach can be conéidered a campafative statica‘
analysis. Some new techniques permit a dynamic approach to the study of

spatial systems. A few illustrative examples will be described below.

A; Harmonic Analysis - Harmonic analysis is a technique for
objectively describing and mapping a function which includes both space
and time dimensions. 1 In the referenced study by Sabbagh and Brysonm,
the authors attempt to explain the variance in month to month fluctuation
of precipitation from place to place in Canada. The technique used, harmonic

analysis, involves the comparison of the total variance of precipitation as

‘measured by the month to month fluctuation, to the several variance components.

A variance component is an independently calculated statistic that is specified
by a sine curve (harmonic), "so that the annual variance component or first
harmonic is a simple, smooth sine curve with one maximum and one minimum
occurting s;x months apart, while the semiannual variance compoaent, or

second harmonic, is a sine curve with two maxiuma and two minima spaced

three months apart." 2 Each sine curve thus derived is fitted to the pre-

cipitation variation curve for each station studied by least squares methods

1 Sabbagh, M. and Brysoz, R., "Aspects of the Precipitation Climatology of

Canada Investigated by the Method of Harmonic Analysis,” in Berry and Nnrblc,

op. cit., pp. 250-265.
2 gabbagh and Bryson, lbid., p. 250.
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to determige the degree of correspondence between the harﬁonic and pfecipitation
curve. The authors found that while six harmonics can &e;cribe the ére—.i.
eipitation curve based on twelve moathly values; only the first and second
harmonics were needed to account for a large portion of the annual précipitation
variation. The fit between harmonics are measured in twoApatameters,bthe
"amplitude,” which is a measure of one-half the difference bétween the maximum
and minimum of the sine curve, and the "phase angle," which measures the time
of the year wh;n-maximum and minimum occur.

Aftér the fit has been determined, the correspondence bétween harmonics
and annual variance can be mapped. The resulting pattern for the first harmonic
demonstrates the places where one maximum and one minimum precipitation regime
obtains in the actual data of Canada. Likewise, the areas which do not fit
this pattern well are also pointed out. The second harmonic, tantamount to
a different type of precipitation regime, can then be mapﬁed to ascertain the
total amount of annual precipitation variance that is explained statistically
by the first two "type precipitation regimes.” Thus it is that harmo;ic

analysis can wed the time and space dimensions to analyze a problem where

-the periodicity of the data is a vital factor. Since this type of problem

is restricted by the nature of variables rejuired, the technique of harmonic

analysis is a specialized rather than a general one.

B. Markov-Chain Models - Models based on the Markov-Chain technique
try to predict the outcome of some event. 1 The underlying assumption is that
the outcome of an event is directly dependent upon the outcome of some
immediately preceeding event, a sort of domino hypqthesis of cause-effect

relationships. Probabilities are generated in the model to predict the

Harvey, D., "Models of the Evolution of Spatial Pattérns in Hewan Geography,"
in Chorley and Haggett, op.cit., pp. 377-582,
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behavior of a unit of observation in the'pirticulir system under studj. thnﬁ';f"

the full process of ‘change is related to (1) the status of some immediately .
preceeding event, and (2) a component éf change expressed as a prcﬁdbilitj. 
function.

| Utilization of the model requires much information and careful
formulation of the variables in the systém. The outcome of any particular
evené is termed tﬁe "state" of that event, which mu#t be linked to the state
of a preceedingAevent by a probability value which is termed the "transitionm
probabilityﬂ* If states can be defined operationally, enough about the
system is known to permit the accurate hypotheses about transition probabilities,
and the initial state of the system is clearly known, then‘the behavior of the
system is amenable to calculation by the Markov-Chain Model. Oniy if the
transition probabilities can be assumed to be stable over time can we use the
model to predict the outcome of events in the future.

"There are, of co;rse, difficulties. We assume that there are distinctive |
states of the system in the models we have so far presented, and that change
occurs in a series of discrete time intervals. But space and time are
cont’nuous variables. Similarly, the transition probébilities, which we
assume to be constant with time, may vary over time. Technicaily it is
possible to develop models which overcome all of these difficulties . . ." "But
such models are extremely complicated to operate and it will undoubtedly de
some time before such models can be satisfactorily applied to social and

economic development." 1

1 Barvey, Ibid., p. 582.
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C. Monte-Carlo Simulation - This model 1s ‘based on a stochastic
process vwhereby some real world process is theofeéically operaéionélized
and then sampling techniques attempt to obtain approximaté golutioﬁs-to
‘the problen, ! There are three basic operations in using the ‘model to

examine some real situation: (1) the probabilities of a pqrtiéular event

occurring must be determined, (2) a set of random numbers are obtained
to allow the selection of samples from the probability distributions according

to a specified method, and (3) the operation must be repeated many times to

get an approximation to the model.

The example of migrations of peoplé among country, subu?ban, and urban
iieas that Harvey offers helps to illustrate the use of Markov-Chain analysis.
It is first determined that therg is a 40% probability that people will move
from a country to urban location; 10X proabability that people.wili move from

the country to a suburban location; and a 50% probability that people will

remain in the country.r Each probability set is translated into digits: 0,1,2,3

i " for the 40% set, 4 for the 10X set, and 5,6,7,8,9 for the 50X set. Then, from

- a table of random numbers, a digit is selectcd for each of 10 units of observatiom,
ln& the indicated resplt - stay in country, move from country to suburb, move from
country to city - is charted for each unit for the "first stage" (first

solution for the gtoug.) At this firﬁt stage, the results can be tabulated t»

_ascertain the percentage of people that remained in the country; likewlse the

other possibilities could be tabulated. The same ptocéss is repeated for the
A . “gecond stage," and again for ten stagéc or trial runs of the model. While

the percentage that remains in the country can vary videly bc:ueen any two

1 Barvey, gggg{, pp. 582-588.
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stages, there is a tendency to couverge towards am average solution after a  l'
aumber of trials. This latter is also true in spite of the fact that there -
is great var;ation in total moves in the ten stéges for anf one observation
unit, 8 in one case and 2 in another case.
This tendency towards an average solution that simulation procedures produce
is further illustrated by Harvey when he cites a study of a water resource
system in which a reasonable approximation'to an optimal desigﬁ was found
after aﬁout 200 trial simulations. l The total possible numbe;lof solutions

was 1023 !

v METHODOLOGY

There are a few new techniques which do not readily fit intc the
categories of the first four headings; these techniques are discussed below
under methodology. Methodology has become an important topic for social

scientists who are concerned with finding new parspectives on well-known issues.

. Methodolegy, having been'spurred on by new technological capabilities, is

closely related to the philosophy of science. Inquiry about the tools
scientists use is ar important task, becauée the information we derive from
studies is directly dependent upon the methods we apply to the data. It

is even possible that some analytical tools afe constructed on a false
philosophical base. For instance, many "optimizer" models have been developed
vherein human behavior is thought to result in an optimization of alternative
courses of aétiou. Scientists have recently cume to believe that even though
men attempt to act rationally, they lack perfect knouledge about all situatious

and therefore could never hopc to attain optimum solutions. The newer

1 gaevey, Intd., p. 583.
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philosophy states that models should be based on a "satisficer" principle,

- that 1s, offer solutions that satisfy a certain level of minimum acceptable

‘conditions. Men with imperfect knowledge can then satisfy basic desires

without having the impossible task of seeking optimum conclusions.

A. Extended Point Set Theory - John P. Cole has a system for

classifying geographic problems which he calls "Extended Point Set Theory." 1

" To him this is a true "dimensional" classification, based on geometric form.

The object which geography studies under this classification are zero-order
(points and cities),_first-order (l1ines and netwqus), second-order (areas
and states), and third-order (surfaces and terrain). In addition to an
established vocabulary, there are also standardized procedures ana concepts
for analyzing spatial problems when they are cast in the format of this
extended point set theory. |

The major fault with this type of classification is that in emphasizing

7":he form of the objects studied in geography, the functional characteristics

have beeﬁ largely ignored. Often the analysis of a real world problem depends

on a functional interpretation of variables and not only a structural inter-

pretation. Classification should comprise a system whereby an essential

qﬁality of the objects, events, or characteristics being classified is
diffecventiated. This essential quality should enable the observer to better
understand the system of which the individual category is a part. From this

point of fiew. the 2xtended point set theory classification of geographic

_problems is sterile. Perhaps the classification would prove appropriate to

one segment of geographic concern that has houogeneous functional characteristics

! Cole, John P., op. eit., pp. 30-43.
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and differs only ia form. In any analysis of this type, it does seem the case

that function must be introduced into the study at some stage.

B. Game Theory -~ This technique is a segment of decision theory and
has as its objective, the drawing of rational decisions from uncertain evidence.1
The latter is accomplished by selecting strategies in such a way to outwit\an'
opponent, either human or a force of nature. In order to employ game theéfy to
a practical problem, many simplifying assumptions must be made. In the example\
that Gould presents, the problem is for a farmer in Africa to decide ahead of
time the crop combination he should chose among his alternatives in order to
maximize the food value return in the light of uncertainty whether the weather
will be wet or dry. This is the first assumption, that there are only two
significant weather possibilities; Next, one must be abie to predict the
yield of various crops under fhe wvet or”dry conditions hypothesized, all other
factors held constant. Once this has been accomplished, the analysis proceeds

with a "two-person-non-zero-sum game"

to ascertain which crop combination to
grow and in what proportions to maximize food value yields.

Many assumptions madc in this example could not be made in a real
situation. This means that the model would have to be made more cdmﬁlex
becausc more veriables would nced to be added. The simplified problem could
quite readily be handled with pad and pencil, whereas Gould deseribes the
expanded problem as "computationally miscrable.' DMachine technology: scems ﬁo |
be the answer to this problew. The techniqua has proved to be a geod |
approximater of rezlity in one situation, when an anthropologist tried t6

figure the proportion~ of fish traps that a Jaraican fisherman should set

close in to shore compared to thosce placed farther out to sea. The
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1 Could, P., "Nan Against His Envicoousat: A Gane Taeorctle Framowork," in

Berry and Marble, cp.cit., pp. 290-297,
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f' : ~ problem here is that the farther out the traps are set, the better chance

d
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" the actual proportions of close-in as compared to far-out traﬁs that the

E fisherman arrived at through trial and error.

-~

i C. Spatial Systems Analysis - Peter Haggett has outlined a framework

-~ for different types of models ih the location of human activities which he :

to catch good fish, but the more risk is incurred for losing the fraps.

The result of this game theoretic solution was found to closely approximate

calls Spatial Systems Analysis.1 He believes that this outline is consistent
with the ne& paradigm of gecgraphy, the scientific examination of spatial
aspects of the man-environment complex which was discussed in the first

. part of this report. The outline is tied together in a systems theory

~ approach that a region needs a cbnstant flow of people, goods, and ‘ideas

to sustain itself, an excess of in&ard transactions means growth, while

an excess of outward transactions means decline. Adjustments in the

system are made in the direction of maintaining an efficiency among the

& .

- variables of the system, the regional flows and regional structure, Hany
- regularities of structure and fiows'één éxist and persist over space and

) time. Comparison of regional systems sﬁows that differing causes can lcad
) to the same resui;s.;,Alilof thése concepts are cast in syséems analysis

. terms;.gnd,the';opips thﬁﬁ form the major groupings of model types are
- | N all components 6f'théée regional systens of one sort or another.

Ihé first major topic which Haggett lists is movement, with sub-topics
" of movement and morphology, interaction, concepts of "field" and "territory,”

‘and d!ffusions.  Movement of coursc is one of the prinmc arcas of interest of

.
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modern geography. Space among functionally related places means that

time and physical resources must be expended to overcome the spatial

separation in accomplishing the functioning of the system. ZMbvemeﬁt
and morphology woﬁld encompass the types, sizes, and directions of

flows within the region. Interaction combines movement and distanée in
the problem of satisfying complemeniarity among spatially separated
places. Concepts of field and territory introduceAthe idea of a spatial

sphere of influence, something like a field of magnetism would be in

physical science. Diffusions concern movement and time as Haggett notes,

but they also include the idea of area. Diffusion of human activities
entails the historical expansion of the area of occuparce of these
activities, All these'avenueslof inquiry have been truly opened'for
scholarly study only recently by new techniques of analysis and new tech-
nology which made the techniques a feasible tool.

Networks are the lines of .communication over which regional flows
must move, and their capacity and alinement are najor influences on the
§01umes and directions of flows. Location of routes, density patterns
of route networks, and models of network change are significant topics here.
Location of routes comprises the notion of structure or form of the con-
munication system in the region. All Cypes of geometry, including graph
theory, tree geometry, path geozetry, topology, and others can be used to
describe and analyze the network patterns. Density of routes is also a
structural concept, and it includes such facets as comnectivity of the
system, flow capac